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PREFACE 

This is the final  report prepared by Calspan Corporation, 

Advanced Technology Center on a program sponsored by the Air Force Weapons 

Laboratory, Kirtland Air Force Base, New Mexico under Contract F29601-77-C-0093 

for the period Septaaber 1977 to August 197fi.    The work herein entitled 

"TRESTLE WIND TUNNEL STUDY" was accomplished with Major Sherwood A.   Richers, 

AFWL/TPO as Project Engineer.    Dr.  Gary R.   Ludwig of the Calspan Corporation 

was technically responsible for the overall program.    Dr,  Joseph P.  Nenni of 

Calspan developed the analytical portion of the program.    Other Calspan 

personnel were:    Dr.  George T.  Skinner, Mr. John R.  Moselle, and Mr.  John 

Nemeth. 
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1.  INTRODUCTION 

The U.S. Air Force is building a TRESTLE facility to test the effects 

of electromagnetic pulses on large aircraft. Test aircraft will be situated 

in flight configuration on the test stand of the facility. The test stand is 

situated approximately 120 feet above a square bowl-shaped excavation in the 

ground. Access to the test stand is by a ramp over the excavation. The ramp 

is 50 feet wide by nearly 400 feet long. Large aircraft being towed uver 

the ramp will be subject to complex wind fields which may cause handling 

problems leading to aircraft and facility damage. The present program con- 

sists of model tests to determine the wind flow patterns around the TRESTLE 

facility, and the use of the wind flow data in an analysis to determine the 

effects of these winds on aircraft on the ramp and the test stand. 

The model tests were performed in the Calspan Atmospheric Sirulation 

Facility (ASF). This is a specialized wind tunnel designed for the purpose 

of modeling the wind in the lower atmosphere.  In the current program, a 

scale model of the TRESTLE facility and its surroundings was designed ard 

constructed to fit on one of the large turntables in the ASF. Suitably 

scaled, randomly distributed terrain roughness elements were used for a lcnq 

fetch upstream of the turntable model to generate the proper wind characteristics 

in the wind approaching the turntable. Preliminary flow visualization experi- 

ments using smoke were performed to study the general flow patterns near the 

TRESTLE facility and aid in the selection of locations for making quantitative 

velocity measurements. Three-component mean velocity measurements were then 

made with hot-film equipment at sufficient points to define the flow field 

in the vicinity of the ramp and the test stand. The velocity surveys were 

performed for every 30 degrees in wind direction. 

The experimental velocity measurements were used to estimate the ef- 

fects of the wind on various large test aircraft while the aircraft are being 

towed on the facility or are tied down on the facility. Since available 

methods of estimating the aerodynamic characteristics of aircraft do not apply 
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to these flow conditions because of a combination of wind shear, ground effects 

and unconventional wind-aircraft orientation, a simplified method was developed 

to estimate the forces and moments on the aircraft. It was envisioned that 

the primary aircraft motions of interest would be overturning, lift-off and 

sliding in either translation or rotation. The simplified method of aero- 

dynamic analysis was used to estimate the forces on the aircraft for various 

wind directions and velocities and for various positions on the facility in 

order to identify wind conditions that might produce any of the above aircraft 

motions. 

It was expected that the wind flow patterns around the model of the 

TRESTLE facility would show significant variations in velocity over the typical 

dimension of an aircraft. Therefore, in order to obtain realistic estimates 

of the forces and moments acting upon the test aircraft, the method of analy- 

sis incorporated provisions to account for the nonuniform flow in the vicinity 

of the aircraft. This necessitated measuring the local wind velocity compo- 

nents at a sufficient number of points so that the data could be interpolated 

to any point on the aircraft surfaces. Thus, a large number of velocity 

measurements were required for each wind direction. The acquisition of these 

data and their incorporation into the analysis essentially determined the 

scope of the program. 

This report presents the results of the model test program and the 

aircraft force analysis. The scaling criteria for the model tests are pre- 

sented in Section 2 followed by a description of the ASF and its instrumenta- 

tion in Section 3. The model design and construction are described in Sec- 

tion 4 and the test program and its results are presented in Section 5. A 

description of the aircraft force analysis and its results are presented in 

Section 6. A summary of the results and the conclusions reached are presented 

in the last section. Details of the hot-film anemometer data analysis, the 

experimental velocity results, and the aircraft force analysis computer pro- 

gram are presented in Appendices A through D. 

• - 
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SCALING CRITERIA 

In conducting small-scale modeling of flows in the atmospheric boundary 

layer, care must be taken to ensure that all important features of the full-scale 

situation are represented in tht model. Broadly speaking, these include the 

ambient vind environment, including both the mean and turbulent characteristics, 

as well as the local terrain. Although not relevant here, in the special case 

of studies of the dispersion of stack emissions, one must also model the relevant 

features of the exhaust gases, namely, exit momentum, buoyancy and pollutant 

concentration. The dynamics of such flows involve inertial, viscous and 

buoyancy forces, as well as turbulent transport. The scaling criteria presented 

below are mathematical statements of the requirement that each of these forces 

be present in the same relative degree in the model as in full-scale. They are 

discussed at some length in References 1 through 4, and here we will only list 

ther.i, along with a brief description of what they represent. 

The most obvious requirement is that of geometric scaling between the 

full-scale and model flows, with regard to buildings and local topography. This 

also implies that one should hold the ratio of some characteristic geometric 

length, say 1 , to a length characteristic of the local ground roughness, say 

Z0   ,  constant between full-scale and the model: 

1. McVehil, G.E., Ludwig, G.R. and Sundaram, T.R.  "On the Feasibility of 
Modeling Small Scale Atmospheric Motions"  Calspan Report No. ZB-2328-P-1 
April 1967 

2. Ludwig, G.R. and Sundaram, T.R.  "On the Laboratory Simulation of Small- 
Scale Atmospheric Turbulence"  Calspan Report No. VC-2740-S-1 
December 1969 

3. Ludwig, G.R., Sundaram, T.R. and Skinner, G.T.  "Laboratory Modeling of 
the Atmospheric Surface Layer with Emphasis on Diffusion"  Calspan 
Report No. VC-2740-S-2  July 1971 

4. Sundaram, T.R., Ludwig, G.R. and Skinner, G.T.  "Modeling of the Turbu- 
lence Structure of the Atmospheric Surface Layer"  AIAA Journal  Vol. 10 
No. 6  June 1972 
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(1) 

where the subscripts " m " and " p M denote model and prototype (full-scale), 

respectively. Since 2. essentially determines the scale of the turbulent 

eddies near the ground, this ensures that the relative size of the structures 

and the eddies is maintained. 

The majority of flows very near the ground are "aerodynamically rough"; 

i.e., no laminar sublayer exists, and the flow is fully turbulent.  In such 

cases, molecular diffusion is negligible in comparison with that resulting 

from turbulent transport. For this reason, holding the usual Reynolds number 

constant, based on free-stream conditions and a characteristic model length, is 

generally not required. Experience has shown that the flow will be aero- 

dynamical ly rough when a Reynolds number based on surface conditions is 

sufficiently large; i.e., 

(2) 

where u« , the friction velocity, is related to the shear stress at the ground, 

Z    , by a. *Jt/p •      Here i)   is the kinematic viscosity and p  the air density, 

Of the two conditions, (1) and (2), it is more important to satisfy 

condition (2). In addition to these criteria, it is also necessary to make 

certain thct the turbulence spectra of the tunnel flow are suitably scaled 

reproductions of the atmospheric flow. When these conditions are met, the 

wind environment in the tunnel flow is a pxcpQT* representation of the atmos- 

phere, for neutrally stable conditions. 

The problem of actually generating the required flow in a laboratory 

facility is one that has received a great deal of attention in recent years. A 

wide variety of approaches is available for the development of the proper flow; 

these involve the use of various types of roughness elements, fences, spires, 

10 
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and jets transverse to the flow. At Calspan, the approach that has been used 
2 3 4 

is that of a matched fence/rough-floor combination. ' '  With this technique, 

the appropriate semi-logarithmic mean velocity profile, as well as a turbulence 

spectrum representative of that in the neutral atmosphere, is generated. 

There are some additional scaling criteria which must be satisfied when 

modeling buoyant flows such as stack emission or thermally stratified atmospheric 

flows.  A relatively comprehensive summary of these is presented in Reference 5. 

However, these additional criteria do not apply to the present program. For 

the neutrally stable atmosphere of the current tests, both the full-scale and 

model flow patterns will be independent of the magnitude of the wind velocity if the 

local velocities are normali:ed by a reference velocity which is representative 

of the wind approaching the TRESTLE facility. The reference velocity can be 

that measured at corresponding locations in the model and full scale, say, for 

example, at 10 meters above a specific ground level location. Thus it * necessary 

to measure flow patterns at only one reference wind velocity in the model tests. 

The dimensionless results will be applicable to all reference wind velocities. 

Furthermore, the forces and iroments on a building or aircraft model immersed in 

the flow may be suitably normalized to be independent of the magnitude of the 

reference velocity.  It should be noted, however, that the flow patterns will 

change with wind direction and it is necessary to measure the flow field for a 

variety of wind directions. 

^s noted in the preceding discussion, Reynolds number does not play 

as important a role in atmospheric modeling as it does in aeronautical modeling. 

However, it is necessary to consider Reynolds number effects in the design 

of some portions of the TRESTLE facility model.  Specifically, it is neces- 

sary to consider Reynolds number effects when designing the model of the wire 

5.   Ludwig, G.R. and Skinner, G.T.  "Wind Tunnel Modeling Study of the Dis- 
persion of Sulfur Dioxide in Southern Allegheny County, Pennsylvania" 
Environmental Portection Agency Report No. EPA 903/9-75-019 
December 1976 

11 
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mesh structures used to simulate the transmission lines and the central 

ground plane wedge structure.  It is necessary to keep the drag or loss character- 

istics of these structures the same in the model and in full-scale. Similar 

considerations are necessary in the design of the support structure beneath 

the test stand and ramp.  This topic is addressed more fully in Section 4. 

A final discussion, regarding the comparison of model results with full- 

scale, relates to the well-known fact that in full-scale, the averaging time 

has a distinct effect on the measurements. This is not the case in model tests 

in the ASF. The model results correspond to short-time averaged full-scale 

measurements, taken over not more than 10 or IS minutes in most cases. Briefly, 

what is involved here is the following. The frequency spectrum of wind gusts in 

full-scale always shows a null, or near null, in the range 1 to 3 cycles per 

hour.  Thus, it is theoretically correct to separate the spectrum into two 

parts at a frequency in that range, and deal with phenomena associated with each 

part separately.  In the ASF, the high-frequency portion related to the ground- 

induced turbulence is fully simulated. The low-frequency portion related to 

meandering of the wind, diurnal fluctuations, passage of weather systems, annual 

changes, and so on, must be considered separately if they are important to the 

study.  In the current program, these very low frequency effects are not important 

Usually, meteorological forecasts will provide estimates of hourly mean velocity 

and gust maximum velocity. The velocity measurements in the ASF correspond 

most closely to the hourly mean meteorological forecasts. However, conservative 

estimate? f the wind effects will be obtained if the peak gust velocity in- 

stead of the hourly mean velocity is interpreted as the reference velocity in 

the force analysis. 

Since the effective full-scale averaging time is independent of model 

averaging times, one can choose the model averaging time to provide data which 

6.  Lumley, J.L. and Panofsky, H.A.  The Structure of Atmospheric-Turbulence 
Interscience (John Wiley and Sons) Mew York  pp. 42-43 

12 



im..... mmmmmm Esszrr- 

are repeatable to within a specified accuracy. The model averaging times re- 

quired to obtain a given accuracy can be estimated from statistical considerations 

as described in the following paragraphs. 

For u statistically stationary process, one can form an average of 

any quantity by taking N independent samples, adding their values and dividing 

by N .  If one were to do this many times, one would obtain a distribution of 

average values having some standard deviation from the true mean. The ratio 
-1/' of this standard deviation to the true mean value is approximately N  * , in 

most cases. This ratio may be regarded as a typical fractional error in a 

quantity measured by averaging N independent samples. Thus, to keep this error 

within 1(K of the mean requires about 100 samples; to keep it within 11» requires 

about 10,000 samples. 

ju. MM r"'/////r"'"(-'( 

U. 

We have stressed that the samples must be independent. That means chat 

the system (the air flow around the model in the ASF) must "forget" what it was 

doing in the time span between samples --an independent sample can be obtained 

once the correlation with the last value has essentially vanished. To estimate 

the time interval required between samples, one can proceed along the following 

lines. The model is immersed in a 

boundary layer of thickness, cf , 

typically about 4 feet. The velocity, 

U,o » near the top of the boundary 

layer may be anything from roughly 1 to 

80 feet per second. The biggest 

eddies in the turbulent flow essential 

span the boundary layer, so that we are 

not assured of an independent turbulence 

picture until the boundary layer has moved a distance of about S   . We can say 

that most of the boundary layer moves at a velocity close to UÄ , so we can 

take "independent" samples at a rate Um/S  per second. We can now construct 

an equation which relates the sampling time, t, required to obtain a given 

I- 4 e$rr 
I—i i*-11 '-• 
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fractional error, <r , to the tunnel reference velocity, Um . From the 

above discussion, 

(T   a , and   At. 
Urn 

Thus, 

U   * 
y. <T4 

(3) 

where   N • number of independent samples 

At9 m minimum time interval between samples (seconds) 

ts • model sampling time (seconds) 

6 • ASF boundary layer thickness ( ^4 feetl 

U*> * ASF reference velocity at top of boundary layer (feet/sec.) 

<T • fractional error in measurements (\  error/100) 

It should be noted that, in the case of turbulence measurements, high 

frequency components require the same averaging time as discussed above because 

they are products of  the breakdown of the large (low frequency) eddies. There- 

fore, they are subject to the same statistical considerations. 

!t is nut generally appreciated how long an averaging time is required 

for ASP data processing. This can be illustrated by application of Equation (3) 

Typical accuracies expected in pollution studies are about UH and typical 

velocities are about T ft/sec. Equation (3) indicates a required sampling 

time of .200 seconds. On the other hand, a typical velocity for the TRESTLE 

model tests was about 35 ft/sec.  In this case, Equation (3) indicates that 

an accuracy of $\  would require 400 samples taken in a minimum total time of 

4b seconds. 

14 



In the current program, the total number of samples used was 400 

taken over a time interval of 68 seconds. For the 35 ft/sec reference ve- 

locity used for the majority of the tests, this time interval is nearly 50 

percent larger than the approximate minimum time given by Equation (3). A 

few tests were performed with a reference velocity of 20 ft/sec. The cor- 

responding minimum averaging time given by Equation (3) is approximately 

80 seconds for 400 samples. The 68 second integration time is about 15 per- 

cent lower than the value suggested by Equation (3). However, as indicated 

in the derivation, Equation (3) is only approximate. In practice, it has 

usually been found that somewhat shorter averaging times provide the required 

accuracy. To establish a suitable value at the start of any program, a few 

averages are generally checked as a function of integration period. Varying 

the integration period was not practical in the current program because of 

the way in which the on-line minicomputer was programmed for data reduction 

of the instantaneous samples. Nevertheless, comparison of the non-dimensional 

velocities measured at the two reference speeds indicated satisfactory agree- 

ment. 

15 
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3.  TEST FACILITIES 

3.1 THE ATMOSPHERIC SIMULATION FACILITY 

The Calspan Atmospheric Simulation Facility (ASF), is designed 

mainly for studying atmospheric flow phenomena. This wind tunnel differs 

from the conventional aeronautical wind tunnel in two important respects, 

namely, the wind shear and the degree of turbulence. Every effort is made in 

a conventional aeronautical wind tunnel to assure a smooth, uniform flow, free 

from turbulent gusts.  In contrast to this, a wind tunnel for simulating the 

lower atmospheric flow requires a relatively thick turbulent boundary layer 

within which the mean and turbulent properties are similar to those in the 

atmosphere. 

In order to simulate these effects properly, a wind tunnel must be 

constructed in a very unconventional way. The particular method developed at 

Calspan for this purpose*"  is to use a fence, protruding from the floor of 

the tunnel, followed by a length of floor that is covered with roughness 

elements. This combination assures both the desired shear, and the associ- 

ated turbulent gust spectrum as well. Figure 1 shows an exterior view of the 

facility. The rough floor, consisting of 36 feet of wooden blocks followed by 

12 feet of gravel in this case, can be seen upstream of the model in Figure 2. 

The fence, which is a solid aluminum plate» protruding from the floor at the 

beginning of the flow development region, is also visible in this figure. 

The facility is 119 feet long. The test flow is developed generally 

over a 50-foot length downwind of the intake, leaving approximately 30 feet 

available as a test section. The tunnel is 8 feet wide by approximately 7 

feet high. The tunnel ceiling is adjustable to allow the axial pressure 

gradient to be set near zero. The turbulent boundary layer occupies roughly 

the lower 4 to 5 feet in the ASF depending on the rough ground configuration. 

A variable-pitch fan powered by a two-speed motor pulls air through the tun- 

nel at speeds from less than 1 mph to 5S mph. Sound attenuators upstream 

and downstream of the fan system are included in the power package. Even at 

16 
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Figure 1   THE CALSPAN ATMOSPHERIC SIMULATION FACILITY (ASF) 
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very low free-stream velocities, the mean flow in the tunnel is quite steady. 

The wind tunnel is situated in a very large room which forms the return cir- 

cuit between the tunnel inlet and exhaust. 

Two mechanical turntables are incorporated into the floor of the 

ASF. Both of them have a diameter of 88 inches. These turntables can be 

placed at various axial locations, depending on the program requirements. 

Models to be tested are mounted on one of the turntables.  In this way, when 

upstream details are not sufficiently unique to require specific modeling, 

the general rough ground can be continued up to the turntable, which can then 

be rotated to change wind direction. The floor of the A5F can be warped both 

upstream and downstream of a model placed on either of the turntables in order 

to match the terrain contours at the edge of the model. 

Various rough grounds are used depending on the scale of the model 

and the upwind terrain. The latter may change as the wind direction is 

changed; for example, a building located near a shore line will require an 

over-water approach for on-shore winds and perhaps a suburban approach for 

other wind directions. Close to the actual model under test, greater detail 

is incorporated. For example, a city building will be surrounded by several 

blocks of accurately modeled city. 

3.2     INSTRUMENTATION 

The primary measurements made in this program were the three compo- 

nents (vertical, longitudinal, and lateral) of the mean velocity at numerous 

locations above the ramp and test stand of the TRESTLE model. This was ac- 

complished through the use of a specialized three-sensor hot-film probe in 

conjunction with three Calspan-manufactured constant temperature anemometers 

and associated electronics. The specialized probe (TSI Model No. 129;cC-20-18) 

was made by Thermo Systems Inc., St. Paul, Minnesota. The shaft of the probe 

is vertical with the sensing elements oriented for use with flows which are 

primarily horizontal. A sketch of the probe configuration is shown in 

Figure 3. The output voltages from the three anemometers were digitized 

19 
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simultaneously by three A/D converters and analyzed on-line by a Hewlett- 

Packard 9825A minicomputer. Four hundred sets of three digitized samples 

were used for 'ach calculation of velocity components. A Hewlett-Packard 

9862A plotter was used to plot the reduced data. Details of the hot-film 

anemometer calibration and data reduction are presented in Appendix A. 

In use» the hot-film probe was mounted in the ASF traverse system to 

position the probe tip at any desired location. Lateral and vertical loca- 

tions were indicated by counters on the traverse mechanism. Axial location 

was indicated by a pointer oounted on the traverse system and a tape measure 

fixed to the windows of the ASF. Parallax in the tape measure and pointer 

system was less than 1/32 of an inch (about 1.25 feet in full-scale). 

The reference velocity, Um , w»s measured in the approximately uniform 

flow 4 feet above the ground just upstream of the model. A standard pitot- 

static probe connected to an inclined micro-manometer was used for this pur- 

pose. 

Smoke for flow visualization was generated by passing a small amount 

of nitrogen through a flask containing Titanium Tetrachloride. This produced 

a dense white smoke which was observed visually and also photographed. 

21 
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4.  MODEL DESIGN AND CONSTRUCTION 

In general, it is desirable to select a model to prototype scale 

ratio which will allow both the TRESTLE facility and the local terrain to fit 

on the 88-inch turntable in the ASF. The upstream approach over which the 

flow is developed is then modeled approximately with random roughness elements 

of the proper mean height. Such a procedure allows variation of the wind di- 

rection by rotating the mechanised turntable. The specifications for the 

model tests required that all significant upwind terrain effects for a distance 

of not less than 2000 feet from the center of the site be included in the 

tests. Modeling a radius of 2000 feet would have required a scale ratio of 

1:540 or 1-inch equals 45 feet. However, it was possible to model all sig- 

nificant terrain effects by using a scale ratio of 1:480 (1-inch • 40 feet) 

and designing the model with the turntable center slightly to the west of the 

center of the TRESTLE site. Coincidence of the site center and the turntable 

center is not a necessity and we have often used offsets to allow use of the 

largest possible model. Thus, the model was fabricated at a scale ratio of 

1:480. A plan view of the area modeled is presented in Figure 4. The area 

includes the horizontal simulator which is "he focus of this test program, 

the existing excavation for the vertical simulator, and the major features of 

the ARES site. The model is shown in Figure 2 installed on the turntable in 

the ASF. 

The terrain model was made from plywood sheets laminated together to 

p.*ovide elevation contours every ten feet except in the immediate vicinity of 

the TRESTLE horizontal simulator.  In this region, the excavation and land- 

scaping were held as close to the drawing dimensions as possible. Contour 

maps at the proper scale were made by photographically enlarging the appro- 

priate sections of the drawings supplied by the government. The photographic 

results were then reproduced on Bruning Copiers. The inexpensive Bruning 

copies were used to lay out the complete terrain model. Moreover, before 

the model was painted, the copies also provided outlines for accurately lo- 

cating the elements of the TRESTLE model and other structures in the vicinity. 
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Figure 4. Plan View of Trestle Facility and Surrounding Area 
Modeled or« ASF Turntable 
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Modeling of the ground elevations incurred changes in height at the 

edge of the turntable which made it necessary to provide a smooth junction 

between the upstream edge of the turntable and the ground upstream of the 

turntable. This was accomplished by mounting the upstream ground on an ad- 

justable ramp frame which can be warped to match the edge of the turntable. 

An example of this can be seen in Figure 2, where the ramp has been adjusted 

to provide a good match between the upstream ground and the front edge of the 

turntable. For other orientations of the turntable, the ramp was readjusted 

to provide a similar match. It was not necessary to match the downstream 

edge of the turntable with the ASF flooring since a moderate Use ntinuity 

at this location will not affect the flow behavior in the vicinity of the 

TRESTLE model. 

In addition to the excavation in the terrain model, the TRESTLE 

facility model contains three oth.^r major features which were modeled. These 

are: 

1. The test platform and ramp and their support structure. 

2. The transmission line support cables and support tower. 

3. The central ground plane wedge structure. 

The above items are shown in Figure 5. The support structures, the transmis- 

sion lines, and the ground plane wedge are all porous mesh-type structures. 

Because of the small scale of the model, it was neither practical nor correct 

to use exact geometric modeling of these elements. Instead, the geometric 

outlines of these structures and the loss characteristics of the flow passing 

through them were modeled. The loss characteristics of the full-scale porous 

structures were estimated from their mesh geometry (mainly their porosity). 

The support structure under the ramp and test stand was modeled with expanded 

aluminum mesh with a porosity very close to the porosity of the full-scale 

wooden frame support structure (bents). The model mesh was assembled in a 

three-dimensional array similar to the actual structure.  (See Figure 5 and 

the close-up view in Figure 6.) The full-scale wire mesh structure on the 

transmission lines has a porosity close to 99 percent. This is completely 
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transparent to the wind. Thus, only the support cables on the transmission 

lines were modeled. Similarly, on the central ground plane wedge the 

majority of the full-scale wire mesh is about 99 percent porous and was not 

modeled.  Instead, the support structure for the wedge was modeled along with 

any solid blockages and the lower porosity (4" x 4") sections of full-scale 

wire mesh. 

As described in Section 3.1 and at the start of this section, the 

flow approaching the turntable model is developed over a length of ground 

covered with random roughness elements of the proper mean height. The full- 

scale approach to the TRESTLE facility is relatively flat and unobstructed 

for a mile or more in all wind directions. The city of Albuquerque lies 

farther away to the North, with mountains even farther away to the East, 

running North-South. The local wind characteristics in the immediate 

vicinity of the TRESTLE facility will not be measurably affected by the 

mountains. Moreover, Albuquerque should have a negligible effect on the 

local flow characteristics since the low altitude winds adjust rapidly to 

changes in the terrain roughness. In the model, the approaching flow was 

generated by allowing it to develop over a 36 foot length of randomly dis- 

tributed wooden blocks followed by 12 feet of gravel. Mean velocity profiles 

for each of these roughness distributions when used alone are shown in Figure 7, 

The combination of the two rough grounds provided a mean velocity profile 

similar to that obtained with the gravel alone (Figure 7). Such a profile is 

typical of relatively flat open country. 

27 



mm •Püppip «i   iw 

1400 

1 
35 

1200- 

|   1000- 

cc 

IM    800H 

I < 
X 

2   mm - 
tu 

< 
8 
2    400 

200- 

30 

25 

c   20 
(9 
Ui 
> 

15 

10 

APPROACH CONSISTING OF 36 ft 
OF WOODEN BLOCKS PLUS 12 ft 
0F3RAVEL. DATA MEASURED 
AT LOCATION OF METEOROLOGICAL 
STATION ON MODEL (SEE FIG. 4) 

SYM WIND DIRECTION 

O 

0 
5 (kg 

35 d« 

WOODEN BLOCK APPROACH 

v/Um % HZ.1.6I/01.S)0-205 

-L 

GRAVEL APPROACH 

ff/U„  * l(Z • 0.31/47.6) °'125 "^br 

6 Pi°   f 
0.2 0.4 0.6 

DIMENSIONLESS VELOCITY, ü/U. 

0.8 1.0 

Figure 7. Mean Velocity Profiles 1n Approaching Flow 

28 

lifcWtl,, iS4.l>4A»i •*-•• I 
i ilJftjtliiMiril>i<ü**a>*,**a*"'**'"*'*"*''"* 

. nn...^.^^^ I  ^JM^ri» Itrtlflli^tMHiW^M*»*    * 



in .11 i in .ium*np*^»iiiiii4'ii»iij»-«iMWffiHapB 

5.  WIND TUNNEL TESTS 

The wind tunnel tests are presented in five parts. Mean velocity 

profiles measured at the location of the meteorological station on the model 

are presented in S.l. Flow visualization studies are discussed in S.2. 

Section 5.3 presents the results of a study to investigate the effect of the 

transmission line support cables on the flow over the ramp and test stand. A 

comparison of dimensionless velocity profiles measured with two different 

reference wind velocities is presented in 5.4. Finally, the wind velocities 

measured above the TRESTLE model test stand and ramp are presented in 5.5. 

5.1     WIND CONDITIONS AT METEOROLOGICAL TOWER 

One of the problems encountered in interpreting model test data, or 

for that matter full scale data, is the selection of a location for measuring 

the mean wind velocity. In full scale these are usually measured at meteoro- 

logical stations which may be remote from the area of interest. Moreover, 

the anemometers are located at low altitudes, typically about 100 feet or 

less above local ground level. The measured wind velocities can be influenced 

by the local terrain as well as the height above ground.  In the ASF, the pos- 

sibility of local terrain influences on the reference wind velocity is avoided 

by selecting a measuring location well above the terrain, in this case at a 

model height of 4 feet or an effective full scale height of 1920 feet above 

the ground. However, this reference velocity is still required to have a 

known relationship with some full-scale meteorological station. Such a re- 

lationship can be found from mean velocity profiles measured above the model. 

A full-scale meteorological tower for monitoring winds near the 

TRESTLE facility will be located in a relatively flat area almost due north 

of the facility test stand. The winds will be measured at a height of 10 

meters above local ground level.  In the model tests, velocity profiles were 

measured at the approximate location of this tower. The location on the model 

is shown in Figure 4. Velocity profiles were measured for six different wind 

directions, three with the meteorological station located upwind of the test 
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stand (335, 005, and 035 degrees) and three with the station located downwind 

(155, 185, and 215 degrees). The results of these measurements are shown 

in Figures 8 and 9. The velocities shown in these figures have been made 

dimensionless by dividing by the reference velocity, U0 , measured at a 

model height of four feet. 

With the meteorological station upwind (Figure 8), the velocity pro- 

files are similar for wind directions of 5 degrees and 35 degrees. The ve- 

locities measurt-d for a wind direction of 335 degrees are slightly lower at 

all heights. The latter result may be caused by proximity of the wind tunnel 

wall because in this case the meteorological station was closer to the tunnel 

rear side wall than for any of the other wind directions. With the meteoro- 

logical station downwind of the TRESTLE model (Figure 9), the three velocity 

profiles are similar at model heights above about 3 inches. Below this height, 

the three profiles differ because of direction sensitive terrain differences 

just upwind of the measuring station. The highest velocities near the ground 

were obtained for a wind direction of 155 degrees. With this wind direction, 

the ARES Site (Figure 4) is just upwind of the measuring station and the 

terrain is very rough before it levels out. Apparently this rough local ter- 

rains distorts the velocity profile near the ground. 

A full-scale height of 10 meters is shown on Figures 8 and 9. As 

mentioned previously, this is the height at which it is planned to monitor 

the full-scale wind velocities. For wind directions of 005, 035, and 185 

degrees the velocity at this height is 0.55 times the tunnel reference velocity, 

U^  . For wind directions of 155, 215 and 335 degrees the velocity ratios 

at 10 meters full-scale are approximately 0.62, 0.60, and 0.51 respectively. 

It was not possible to measure the velocity ratios at 10 meters for other wind 

directions because the location of the meteorological station was too close 

to the wind tunnel walls. However, it is believed that the observed range of 

values 0.55 to 0.62 (the measured value 0.51 is discounted because of possible 

wall proximity effects) is representative of the full-scale wind velocity that 
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will be measured at a height of 10 meters for all wind directions.  In view 

of this» it was decided to choose a single value of ü/ü.at the 10 meter 

height which would provide a conservative representation of the full-scale 

winds from any direction. The value selected for this quantity was 0.55, 

thus the velocity data measured for use in the subsequent aircraft force 

analysis were nondimensionalized by a reference velocity UOTr given by 

Uw = O.S5Um 

where Um  is the velocity calculated from the pitot-static pressure measured 

at a height of 4 feet above the model. Selecting the lowest reliable value for 

for ö-/Üm at 10 meters has the effect of making the measured velocities about 

the TRESTLE platform appear slightly larger than they really are for those 

wind directions where ü/üm at 10 meters is larger than 0.55. Thus for these 

wind directions, the force estimates will indicate unsafe handling at a 

lower reference velocity than the 10 meter value at which it will actually 

occur. 

5.2     FLOW VISUALIZATION STUDIES 

A flow visualization study was made at the start of the model tests. 

As noted in Section 3.2, the smoke was generated by passing nitrogen through 

flasks containing small amounts of Titanium Tetrachloride. The mixtures were 

then piped to various locations on the model and the resulting smoke plumes 

were observed visually and also photographed. Although some visual observa- 

tions of the smoke from a single hand-held wand were made, the majority of 

the study was performed with an arrangement of twelve small aiameter tubes 

inserted through the base of the model and outlining the model ramp and test 

stand. The tubes could be moved up or down to place their exits above or 

below the top surface of the ramp and test stand. Side view and overhead 

view photographs of the smoke plumes were taken for twelve wind directions 

with the tubes at several heights for each wind direction.  In all, more than 

300 photographs were taken. 
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Since the flow in the ASF is turbulent as in full-seile winds, the 

smoke plumes do not behave in the same fashion as in aeronautical tunnels 

where the plumes provide a good picture of the general flow pattern. Instead, 

the plumes fluctuate in time and diffuse rapidly after they leave the tube 

exits. Photographing such plumes requires very good lighting and a relatively 

fast shutter speed. Typical results are shown in Figures 10, and 11 where 

enlarged photographs are presented for the smoke plumes obtained with the 

wind approaching from 35 degrees and 65 degrees respectively. In Figure 10 

the smoke tube exits are level with the top of the TRESTLE platform and in 

Figure 11 they are 1/2 inch (20 feet in full scale) above the top of the plat- 

form. The lack of definition in the smoke plumes is the result of a compromise 

between shutter speed and available lighting. 

Photographic results from the smoke flow visualization studies are 

presented in Figures 12 through 23 for all wind directions. In these photo- 

graphs the smoke tube exits were level with the upper surface of the TRESTLE 

model platform. Each figure has two photographs, an overhead view and a side 

view. The wind is approaching from the left in all photographs.  In most 

cases, an array of 6 smoke tubes on the upwind side of the TRESTLE ramp and 

platform was used in the photographs.  In these cases only one set of photo- 

graphs (overhead and side views) is presented for each wind direction. For 

two wind directions, 155 and 335 degrees (Figures 17 (a, b, c) and 23 (a, b, 

c)), the wind was parallel to the TRESTLE model ramp. In these cases, three 

sets of photographs are presented; one with the two upstream smoke tubes 

operating (Figures 17(a) and 23(a)), one with two of t*ie midstream tubes 

operating (Figures 17(b) and 23(b)), and one with the two downstream tubes 

operating (Figures 17(c) and 23(c)). 

In all of the smoke pictures, the nitrogen flow in the smoke tubes 

was adjusted to the lowest level which would still give a satisfactory amount 

of smoke. This was done to minimize the effect of the initial vertical mo- 

mentum at the smoke tube exits. It is believed that initial momentum effects 

are negligible in most of the photographs. For example, see the enlarged 
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F1 'ure 12.    TRESTLE Model  Smoke Studies, 5 Degrees Wind 
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Figure 15. TRrSTLE Model Snokp Studies, ^5 Degrees Wind 
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(a)  UPSTREAM SMOKE TUBES 
Figure 17. TRESTLE Model Smoke Studies, 155 Degrees Wind 
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(c)   DOWNSTREAM SMOKE TUBES 

Figure 17  (Cont.)    TRESTLE Model   Smoke Studies, 155  Degrees Wind 
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figure 18.    TRESTLE Model   Smoke Studies,  1JV5 Prorrrs Wind 
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(a)   UPSTREAM SMOKE TUBES 

Figure 23. TRESTLE Model Smoke Studies, 335 Degrees Wind 
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figure 23 fCont.) TPFSTLE Model Smoke Studies, 335 Degrees Wind 
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photograph in Figure 10 where the smok* tube exits were raised above the level 

of the TRESTLE platform. There appears to be a negligible amount of vertical 

rise at the tube exits. Thus those photographs which show a substantial ver- 

tical component at the tube exits indicate the true flow direction at the 

Instant that the photograph was taken.  It is worth noting that the smoke 

plumes were quite unsteady in time and the instantaneous photographs provide 

only a rough idea of the average flow direction whereas the long time inter- 

vals used in the quantitative velocity measurements provide true averages of 

the velocity components. 

Overall inspection of the photographic results presented in Figures 

12  through 25  allow a few general observations to be made. The overhead views 

show that lateral deviations from the mean flow direction are relatively small 

in all cases. The side views show that there is frequently a substantial 

upwash just upwind of the TRESTLE ramp and test stand and a downwash which be- 

gins after the flow has partially crossed the ramp or test stand. Relatively 

large values of upwash and downwash are evident in the side view of Figure »1. 

The smoke tube in the foreground shows a large upwash component while the tube 

at the juncture between the ramp and test stand shows an initial upwash followed 

by a large downwash partway across the ramp. Visual observations for this 

wind direction (275 degrees') and for a wind direction of 35 degrees showed 

there was an intermittent vortex which formed close to the platform surface 

in the region near the juncture between the ramp and test stand. Since this 

condition occurred only occasionally it was very difficult to photograph. 

Figure 21  is the closest wo camo to capturing thi» phenomenon on film. With 

the flow parallel to the ramp (155 and 335 degrees), there was very little 

evidence of consistent directional changes from the mean wind. There did 

appear to be a fairly steady upwash near the juncture between the ramp and 

downstream edge of the excavation for a wind direction of 155 degrees. This 

can be seen in the side vie.' of Figure 17(c). The apparent upwash in 

Figure l"(b) is an instantaneous result generated in the turbulent wake from 

the ground pla,••* --edge structure. The flow in this region was generally 

quite turbulent and the average velocity was low.  The high level ot'  turbulence 

is indicated by the rapid diffusion of the smoke plumes, especially apparent 

>3 
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in the overhead view of Figure 17(b).  In contrast, the overhead view in 

Figure 17(c) shows much less diffusion of the smoke plumes. 

The smoke visualization study showed that there was considerable 

variation in the flow over the TRESTLE platform with the largest deviations 

from the mean flow occurring near the upstream edges of the ramp and test 

stand and additional deviations occurring near the juncture between the ramp 

and excavation for southerly winds. A grid of test points for the velocity 

surveys was selected with these flow features in mind. The grid arrangement 

is presented in Figure 24 superimposed on an outline of the TRESTLE platform. 

In selecting the grid pattern there were two other requirements to consider 

in addition to the smoke visualization results. First, a regularly spaced 

grid pattern was required to facilitate rapid location changes of the hot-film 

probe and ease of interpolating the test results. Second, the number of 

grid points should be minimized to keep the test program within reasonable 

limits. The final pattern selected contained 58 points at which vertical 

surveys of the velocity were made. The survey points are identified in the 

following discussions in terms of their full-scale coordinates in the TRESTLE 

coordinate system. Thr coordinate system is indicated in Figure 24. 

5.3    EFFECT OF TRANSMISSION LINE SUPPORT CABLES 

After selecting the grid pattern to be used in the velocity surveys 

above the TRESTLE platform, it was determined that the transmission line sup- 

port cables would interfere with the hot-film probe at a number of the test 

points on the grid. Thus it was decided to perform a brief study to see if 

the support cables had a significant influence on the flow in the region of 

the planned measurements. The study consisted of measuring velocity profiles 

at several locations downwind of the support cables and then removing the 

cables and repeating the velocity surveys. A wind direction of 305 degrees 

was used for this study and the velocity surveys were made at three locations 

on the test grid shown in Figure 24. The (X, Y) coordinates of these loca- 

tions were (-64, 0), (22, -50), and (280, -100). It is believed that the 

wind direction and test locations chosen for this study represent a worst case 

for flow distortion from the support cables. 
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The results of the study are shown in Figures 25, 26 and 27. Each 

figure shows two velocity profiles, one measured with the support cables 

present and one with the cables removed for a given grid location. The 

measured velocities have been nondimensionalized by dividing by the wind 

tunnel reference velocity, I/» . The figures also show a dashed line to 

indicate a full-scale height of 66 feet above the TRESTLE platform. This 

is the maximum height of interest for the subsequent flow surveys to deter- 

mine the forces on aircraft. 

Inspection of Figures 25 and 26 shows that there is a measurable 

velocity defect in the wake from the support cables. As expected, the largest 

defect is in the region where the cables are closest together (Figure 25). 

However, in these two figures the defect occurs at or above the 66 foot level. 

The data in Figure 27 indicate a slightly lower velocity with the cables 

present over a height range from 0 to above 400 feet full-scale. It is un- 

likely that the apparent velocity defect is due solely to the transmission 

line support cables since they have a high porosity in this region and only 

extend to a maximum full-scale height of about 140 feet above the platform. 

Some of the apparent velocity defect may be due to experimental accuracy 

which is expected to be within approximately 5 percent for the hot-film 

measurements. In any event, the data in Figures 25 through 27 show that the 

effect of the support cables is not large and in all cases creates a defect 

in velocity. Thus, it was decided to remove the support cables for th-j re- 

mainder of the tests so that the velocity surveys could be made at all of 

the selected grid points. 

* 4 TESTS WITH DIFFERENT WIND VELOCITIES 

As stated in Section 2, it is only necessary to measure the flow 

field for one value of the reference velocity, UREp. The dimensionless ve- 

locity profiles will be independent of the magnitude of the reference ve- 

locity. The independence of the dimensionless velocity profiles is illustrated 

in Figures 28 and 29. Figure 28 compares dimensionless axial velocity pro- 

files for two values of U_E_ (10.0 and 19.4 ft/sec) at a location upstream 
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of the ramp with the wind approaching perpendicular to the ramp centerline. 

Figure 29 compares similar axial velocity profiles measured just downstream 

of the ramp. Both figures also contain a short table of dimensionless lateral 

and vertical velocity components measured at the same time as the axial 

components. 

The portion of the axial velocity profiles above the platform sur- 

face show excellent agreement (to within 5 percent or better). Below the plat« 

form surface, the axial velocity profiles display a small but consistent 

difference. In this region, the profiles measured with URE- • 19.4 feet per 

second show dimensionless velocities which are about 10 percent higher than 

those measured with URE- • 10.0 feet per second. This may be evidence of a 

small Reynolds number effect on the flow through the porous understructure 

of the ramp. At low velocities, the drag coefficient of the porous structure 

will increase as the velocity decreases. Thus one would expect the dimen- 

sionless profiles to display the trend which is shown by the data. However, 

the effect is not large and does not appear to influence the data in the re- 

gion of interest, namely the velocity profiles measured above the ramp sur- 

face. The tabulated results for the lateral and vertical velocity components 

show that these components are also independent of the value of UREp. The 

largest difference observed in either V/U• or w/UREp was 0.04 and most of 

the data agreed to within better than this value. Such results are within 

the accuracy of the hot-film measurements. Thus it is concluded that velocity 

surveys measured at a single value of I,' - will be representative of all 

wind velocities. The value of UREp selected to be used for the major portion 

of the flow field surveys was approximately 19.5 feet per second or a tunnel 

reference velocity U^* 35.5 feet per second (See Section 5.1). 

5.5     WIND PATTERNS ABOVE TRESTLE TEST STAND AND RAMP 

Following the flow visualization studies and preliminary velocity 

surveys, quantitative measurements of the mean velocity components were made 

for each of twelve wind directions. Since the major axis of the ramp on the 

TRESTLE facility lies parallel to a direction 25 degrees from north (i.e., 
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335 degrees), the twelve wind directions tested were 335, 005, 035, 065, 

095, 125, 155, 185, 215, 245, 275, and 305 degrees. For each wind direction, 

vertical traverses were nade at the 58 grid points shown in Figure 24. Each 

traverse consisted of measuring the longitudinal, U, lateral, V, and vertical, 

K, mean velocity components at five different heights. The heights used for 

each traverse were 0.25, 0.45, 0.75, 1.15, and 1.65 inches above the surface 

of the TRESTLE model platform. This corresponds to full-scale heights of 

10, 18,30, 46, and 66 feet. The lowest height was governed by the minimum 

safe distance that the hot-film probe could approach the TRESTLE model plat- 

form. The maximum height (66 feet or 20.1 meters full-scale) was chosen to 

correspond to the 20 meter height called for in the specifications for this 

program. 

The mean velocity components were measured in a wind-axis or tunnel 

axis coordinate system. A sample of the results is shown in Figure 30, a 

through e, for a wind direction of 275 degrees. Each part of this figure (a 

through e) shows the velocities measured at a different height, Z,  above 

the test stand and ramp surface. The wind direction is listed numerically 

and also shown by an arrow at the bottom of the page. The mean velocities 

at each station are listed in a vertical column with three numbers. The 

numbers are in order from the top, the mean horizontal component, U, in the 

wind direction (positive in the direction of the arrow), the mean horizontal 

component, V, perpendicular to the wind direction (positive to the left when 

looking in the direction of the arrow), and the mean vertical component, W, 

(positiv*» upward*),  Fach component has been normalized by the mean wind 

velocity, UREp, at the meteorological station at a height 10 meters above 

local ground level. A complete set of data for all wind directions is pre- 

sented in Appendix B. 

The velocity components shown in Figure 30 can be compared to the flow 

visualization results presented in Section 5.2 and Figure 21 for this wind 

direction. The flow visualization study indicated that there was an upwash 

just upwind of the TRESTLE ramp and test stand and a downwash after the flow 

has partiall) crossed the ramp or test stand. The downwash was most evident 
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at low heights near the juncture between the ramp and test stand.  Inspection 

of Figure 30 provides similar results on a numerical basis. There is a gen- 

eral upwash field upwind of the ramp and test stand which intensifies as the 

ramp or test stand is approached. Moreover, there is a downwash field at 

low heights after the upstream edge of the platform has been traversed by 

the flow. The largest downwash occurs at a height of 10 feet (Figure 30(a)) 

in the vicinity of the juncture between the ramp and test stand. There were 

other similarities between the smoke pictures and the numerical results. 

For instance, with a wind direction of 155 degrees, the numerical data con- 

firmed the presence of an upwash near the juncture between the ramp and 

downstream edge of the excavation. 

In addition to similarities between the smoke and quantitative re- 

sults, the latter provided information not apparent from the smoke studies. 

One such result is the acceleration of the flow as it crosses the ramp and 

test stand. This is most apparent in Figures 30, b through e where the nor- 

malized longitudinal, U, component of velocity increased by as much as 20 

percent as it crossed the ramp centerline. Similar accelerations were ob- 

served for other wind directions with the flow approaching from either side 

of the ramp centerline. Such accelerations are important in determining the 

side forces on the tail and fuselage of aircraft situated on the ramp and 

test stand. Moreover, the unsymmetrical upwash and downwash fields play a 

major role in determining rolling moments on the aircraft. 

As noted in the next section, the mean velocity components measured 

in the wind axis coordinate system were converted to components (U , U , \)m) 

parallel to the TRESTLE axis system (X, Y, Z) shown in Figure 24. A set of 

crosst'low velocity vectors, U ^ were prepared to aid in visualizing the 
7» Z» 

flow field above the TRESTLE platform. A sample of computer plots of these 

vectors is presented in Figure 31 for a wind direction of 275 degrees. A 

complete set of cross flow plots for all wind directions is presented in 

Appendix C. 

09 



H
R

B
n 

Y
=

1
5
0
 F

T
 

10
0 

F
T

 
5
0
 F

T
 

S
if

fW
P

W
Ä

 
H

U
..a

i|]
|l 

||
H

»
f|

p
a

^
n

«
v

a
iP

»
^

W
>

>
B

<
<

w
 M

 !
U

"
»

*w
i 

flu
» 

'.
W

..
H

«
IM

 -
" 

•!»
•*

! 

5
0
 F

T
 

1
0

0
 F

T
 

1
5

0
 F

T
 

«f
k 

X
-2

2
F

T
 

i 
o

 

Z
,F

T
 

66
 

46
 

3
0

 

18
 

10
 

U
 y.

z 
S

C
A

L
E

: 
<U

y
y
U

R
E

F
)-

1
.0

 

Q
k 

> 
  X

--
64

F
T

 

"f
k 

X
--

1
6
0
 F

T
 

F
ig

u
re
 

31
. 
M

Ä
r
fÄ

e
T

^
-2- ,n

 Ve
rt

,C
al
 PU

n" 
Ab

°"
 



w
w

^
ii
w

tB
B

ff
W

MW
M

W
W

M
H

IlM
^
 

• 

lp
p

»
J
tl

»
«
.|

in
 l

ii
i.
l 

   
 I 

   
 J

U
M

M
U

ll
lL

U
il

M
IJ

ll
- 

  I
 

Y
-1

50
 F

T
 

10
0 

F
T

 
50

 F
T 

-5
0 

F
T

 
10

0 
F

T
 

If
O

 F
T

 

S
k 

S 
 X

-2
8

0
F

T
 

Z.
 F

T
 

66
  

. 

46
   

. 

30
   

. 

18
  

. 
10
 

• 

Y
.Z

 

U
. 

S
C

A
LE

: 
<U

y
y
U

R
E

F
) 
- 

1.
0 

q
^

 
) 

  
X

-1
9

4
F

T
 

Q
. 

\ 
  X

-1
0

8
F

T
 

F
ig

u
re
 3

1.
  

(C
o

n
t)

   
 M

ea
n 

C
ro

ss
flo

w
 V

e
lo

c
it

y
 V

ec
to

rs
, 

ü y
   

 z
   

 In
 

V
e
rt

ic
a
l 
 P

la
ne

s 
A

bo
ve

 
TR

ES
TL

E 
P

la
tf

o
rm

, 
27

5 
D

eg
re

e 
W

in
d 



u
p

p
 w

m
m

iK
m

ii
im

m
m

m
m

im
m

m
 m

m
**

» 
>

P
W

«
W

W
«
«
•

 
• - 

- 

Y
=

15
0F

T
 

10
0 

F
T

 
50

 F
T 

50
 F

T
 

-1
00

 F
T 

66
  

- 

46
  

. 

30
 

• 

18
 .

 
10

 .
 

^
 X

 

v.
 

u.
 

v,*
 

u.
 

S
C

A
LE

: 
(U

y
y

u
R

6
F
) 
- 

1.
0 

15
0 

FT
 

^
 

X
-S

3
8
F

T
 

^
 

X
«4

52
 F

T 

^
 

X
=

36
6F

T
 

F
ig

u
re
 

31
. 
 (

C
o

n
t.

) 
M

ea
n 

C
ro

ss
flo

w
 V

e
lo

c
it
y
 

V
e
ct

o
rs

  
  

U 
in
 v

« 
•<

  
  
i 
 n

, 
TR

ES
TL

E 
P

la
tf
o
rm

. 
m

L
S

E
F

ls
J
y
*
 

*>
  

1
n
 

V
e
r
t1

c
*l

  
"a

n
e

s
 

A
bo

ve
 

at
fo

rm
, 

27
5 

D
eg

re
es
 W

in
d.

 



^^
^^

^^
^^

w
 

S
S

5
S

5
 ^

5
5
g
^

^
S

S
^

«
5
g

 i
 i

   
 

» 
»• 

Y
=1

S
0 

FT
 

10
0 

F
T

 
50

 F
T

 
-6

0 
FT
 

.1
00

 F
T
 

-IS
O

 F
T

 

Z
.F

T
 

66
  

. 

46
   

- 

30
   

• 

18
  

. 
10
 

• 

tf
k 

X
-6

24
 F

T 

U
. 

Y
.2

 

U
. 

S
C

A
LE

: 
(U

y
y
u

R
E

F
) 
- 

1.
0 

Fi
gu

re
 
31

. 
(C
on
t.
) 

Me
an
 
Cr

os
sf

lo
w 

Ve
lo

ci
ty
 
Ve

ct
or

s,
 
U v
 

2
 

In
 
Ve
rt
ic
al
 
Pl

an
es
 
Ab

ov
e 

TR
ES
TL
E 

Pl
at
fo
rm
, 

27
5 

De
gr
ee
 W

in
d.
 
 
 

' 



»'"«'•" 

In Figure 31 (and Appendix C,, wach vector U   is composed of the 

lateral wind velocity, U , and the vertical wind velocity, U . The axial 

wind component, U , along the TRESTLE axis is not shown in these plots. 

Figure 31 contains 10 different plots showing the velocity vectors in vertical 

planes at the ten axial, (X), locations which were tested. The appropriate 

vertical cross-section of the test stand, ramp, or local ground contour is 

shown schematically below each plot. The wind direction (275 degrees) is 

listed on each page of Figure 31 and is also shown schematically beside each 

of the ten vertical planes. All velocity vectors have been normalized by the 

10 meter reference velocity, Un_r. A velocity scale showing U  /U-PC » 1 
Kfcr y,2  Rfcr 

is provided on each page of Figure 31. 

Figure 31 displays visually the upwash and downwash fields noted in 

the discussion of Figure 30. The vector plot for X *  366 feet is at the 

measuring location closest to the juncture between the ramp and test stand. 

For this value of X, note the gradually increasing upwash at low levels as 

the wind approaches the ramp followed by a relatively large downwash over 

the ramp centerline a': Z  « 10 feet. There is also a small downwash at 2 • 10 

feet after the flow has crossed the ramp. At the upstream edge of the test 

stand (X = 452 and 5!>8 feet, Y = -100 feet) there is a very large upwash right 

at the test stand edge followed by a downwash at V = -50 feet. It is believed 

that the results obtained at the upstream edge of the test stand indicate the 

presence of a bubble of separated flow at the edge of the ramp which reat- 

taches a short distance downwind. Similar results were obtained for most of 

the other cross-wind vector plots (See Appendix C) when the wind was not 

parallel to the ramp -enterline. 

A general inspection of all the cross-wind vector plots showed that 

the cross-wind flows were highly nonuniform for wind directions which were 

not parallel to the ramp centerline. These nonuniform flow results were used 

in the computer program to predict the forces on aircraft situated on the ramp 

and test stand of the TRESTLE facility. In addition, the velocity data indi- 

cated the presence of nonuniform flows over the access road at the entry end 

of the TRESTLE ramp. Thus the forces on aircraft situated on this access road 
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were included in the computer force analysis. The aircraft force analysi: 

and its results, are presented in the next section. 

^5 



6.  AIRCRAFT FORCE ANALYSIS 

6.1     GENERAL DESCRIPTION 

Aircraft being towed onto and tested on the TRESTLE facility are 

subject to a variety of unconventional wind loads.  It was considered unlikely 

that lift-off would occur since this would require wind velocities approaching 

take-off speed of the aircraft (generally in excess of 100 knots). However 

it was considered possible that the wind might produce forces that could not 

be completely reacted by the aircraft landing gear or towing vehicle. This 

situation could cause sliding, tilting or weather-vaning motions of the air- 

craft and result in damage to either the aircraft or TRESTLE facility. 

•\ computer program was developed to determine the reactions between 

the aircraft landing gear and the TRESTLE facility for various wind conditions 

and various aircraft positions on the facility. The aircraft are considered 

stationary on the facility and the analysis used is steady state in the sense 

that dynamic effects that might be imposed by runway roughness or high frequen- 

cy wind turbulence have not been considered. The program is essentially 

broken into two parts. The first part of the program takes the wind velocity 

field as measured in the wind tunnel tests and uses a «trip theory approach 

to estimate the aerodynamic forces and moments acting upon the aircraft.  In 

the second portion of the program these aerodynamic forces and moments are 

used as inputs to a statics problem and the required reactions between the 

landing gear and the facility are determined. The computer program was de- 

signed to handle the three aircraft of primary interest in this study; namely 

the E-3, E-4 and B-52. However, the computer program is sufficiently general 

that it will handle a number of other aircraft that are of the same generic 

shape as those mentioned.  (Only the appropriate aircraft geometry is needed 

as input). 

The minimum wind speed at which a gear slips or tends to lift at 

any position on the ramp has been taken as the maximum safe wind speed for 
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operating the aircraft on the ramp for a given wind direction.  It was foun^ 

that under the conditions investigated the axial force on the aircraft never 

exceeded the capabilities of the towing tugs.  It may be possible for one gear 

to slide or lift and no motion of the aircraft result because the remaining 

gears can take up the load without sliding or lifting. However these possi- 

bilities have not been analyzed.  It was felt that basing the safe criteria 

on the lifting or slipping of a single gear provides a conservative estimate 

of the safe operating speed. 

The remainder of this section will describe the two portions of 

this program in more detail. 

6.2     AERODYNAMIC FORCES AND MOMENTS 

An aerodynamic strip theory approach was chosen as the most practical 

approach to handle the non-uniform flow and large angles of side slip and 

angles of attack that are presented to an aircraft sitting on the TRESTLE 

facility. The analysis is refined to the extent that the major geometrical 

features of the aircraft such as wing planforra area and sweep may be distin- 

guished, but minor geometrical features such as the specific airfoil section 

of the wing are not distinguishable. A quasi-two-dimensional strip theory 

was used wherein the flow over an aircraft geometrical component was broken 

into components normal to and parallel to the major axis of each component. 

For the flow normal to each component, the aerodynamic forces upon an elemental 

strip or ««lice of the component is assumed to be that force that acts upon an 

infinite cylinder of the same cross-sectional shape as the slice, and wnich 

is immersed in a stream with the local properties as measured in the wind tun- 

nel tests. These slices are taken perpendicular to the major axis of each 

component such as the fuselage longitudinal axis or the wing quarter chord 

line. The sectional forces were taken from two-dimensional experimental data. 

For the flow along the major axis of each component, slender-wing or slender- 

body theory was used, as appropriate, to estimate the forces. The forces on a 

component were then due to both the flow normal to and parallel to its major 
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axis.  Integration of these forces over all the aircraft components and proper 

resolution of these forces lead to an estimate of the total forces and moments 

on each aircraft. 

The major components of the aircraft considered in this analysis 

were the fuselage» wings, vertical tail, horizontal tail and the radome pod 

and its supporting strut fo** the E-3 aircraft. The engi es and their nacelles 

were not considered in the analysis. Each of the major aircraft components 

will be discussed in more detail subsequently, but first the various 

axis systems used in the analysis will be discussed. 

There are two axis systems employed in the analysis. The first axis 

system used is the wind tunnel axis system. All of the wind velocity data 

measured in the wind tunnel were recorded in this system. This system has 

been discussed previously in this report. The second axis system used is the 

TRESTLE axis system. This axis system is fixed to the facility and is de- 

picted in the following sketch: 

i 
Y 

i 

\ 

«r-       y 

/ 
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The Z axis is positive in the upward direction. The forces on the aircraft 

are resolved parallel to these X,V,- axes. The rolling moments on the air- 

craft are calculated with respect to the fuselage center line. The pitching 

and yawing moments are calculated with respect to the nose of the aircraft. 

The sign convention for forces and moments on the aircraft are, however, cho- 

sen with respect to the aircraft according to the following rules: 

• A positive axial force points towards the nose of the aircraft. 

• A positive normal force points upwards. 

• A positive side force points out the left wing. 

• A positive rolling moment tends to depress the right wing. 

• A positive yawing moment tends to move the right wing back. 

t A positive pitching moment tends to raise the tail. 

The velocity measurements in the wind tunnel axis system are nor- 

malized by the reference velocity taken at the 10 meter height on the mete- 

orological tower.  The data at the five heights and fifty-eight stations are 

then resolved into the TRESTLE axis system and stored in the program once and 

for all. Linear interpolation is used to obtain the velocity at the local 

stations required on the aircraft. 

For ease of analysis the fuselage was broken into three segments. 

It was assumed that the fuselage could be divided into a nose section, a 

cylindrical raid section and an afterbody section. Each section is assumed 

to be circular in cross sectional shape and the nose and afterbody are also 

assumed to be half an ellipsoid of revolution. The length of each fuselage 

section for a particular airplane is chosen by inspecting the three view 

drawings of the aircraft.  Each portion of the fuselage is assumed to see a 

uniform flow under the conditions that exist at the centroid of each portion. 

^9 
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The normal force and side force on the nose and afterbody are assumed to be 

composed of two components. The first is a potential flow part that is 

estimated from slender body theory as X sin ot cos oc 5o    where S is the cross- 

sectional r.rea of the body» ot the local angle of attack and q is the dynamic 

pressure. The values used for q and oc are those that exist at the centroid 

of each component. This force is only applied when the component sees a 

head wind. That is for the conventional case when the fuselage nose is pointed 

into the wind, the nose would experience this force but the afterbody would 

not. The second component of force experienced by each fuselage component 

is the cross, flow drag force and is equal to C0c ^ H>« Here A is tne si-de 

area of the component in the direction under consideration, q is the dynamic 

pressure based upon the velocity normal to the component and C  is the cross 

flow drag coefficient taken to be equal to 1.2 for the present  calculations. 

This is essentially the drag coefficient for a circular cylinder.  For pur- 

poses of calculating moments the twrces are assumed to act at the centroid of 

each fuselage component. The fuselage also experiences an axial force due to 

the component of flow along the axis. This force has been estimated using 

an empirical expression given in Reference 7 

Where- F is the axial force, 2 is the i'uselage length, d the fuselage diameter, 

q. the dynamic pressure based upon the axial velocity component, K:  is the 

maximum cross section area of the fuselage and C is the skin friction coef- 

ficient taken as .003 for the present work. 

Each wing is divided into three panels. The velocity at the centroid 

of each panel is resolved into components perpendicular and parallel to the 

quarter chord of the wing. For the two inboard panels on each wing the flow 

normal to the quarter chord is assumed to be two dimensional. The angle of 

7.  Hoerner, S.F.  Fluid Dynamic Drag  Published by the author  1965 

SO 
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attack of each panel is calculated from the velocity normal to the leading 

edge and the Z  component of velocity at the centrold of each panel. The lift 

coefficient and drag coefficient of each panel is then taken to be that of an 

NACA 0012 airfoil as given in Reference 8. This airfoil section was used 

since it I.» the only section that has been tested through the complete angle 

of attack range and this airfoil is not too different from those used en the 

actual aircraft. The lift coefficient and drag coefficient as a function of 

angle of attack for this airfoil have been built into the computer program. 

The angle of attack for the wing tip panels is calculated in the same fashion 

as the other two panels, however the tip panel is assumed to have an elliptic 

load variation falling to no  load at the tip. In addition to these quasi-two 

dimensional forces the flow normal to the quarter chord line is assumed to 

produce an induced drag. The induced drag is generated by the trailing vortex 

system produced by the wing.  In the model used the wing trails a discrete 

vortex at the juncture of the wing panels and a continuous sheet from the 

eliiptically loaded tips.  The induced drag contribution appropriate for this 

model has been added to the forces on the wing. The forces produced by the 

flow norma) to the quarter chord wr« assumed to act at the quarter chord of 

the wing when the normal flow is from leading edge to trailing edge. When 

the flow is from trailing edge to leading edge the forces are assumed to act 

at the half chord. This assumption appears consistent with the moment data 

of Reference 8. When the wing tip Is pointing Into the wind the wing will 

appear to have a very low aspect ratio and a semi empirical slender wing 

theory has been used to estimate the normal force on the wing due to the span- 

wise flow. An average angle of attack for the wing in the spanwise direction 

is calculated from the spanwise flow component and Z  component of velocity at 

the centrold of each wing panel. The normal force due to the spanwise flow 

is estimated as 

rx £?, 
 2-    a+^ QL CI +• 2 &***OI) Q   f)^      where  *?$   Is  the wing aspect 

8.      Crltios, C, Heyson,  H.  and Boswlukle,  R      "Aerodynamic Characteristics 
of NACA 00i: Airfoil Section At Angles of Attack From 0* to  ISO*" 
NACA TN 3361,      Januarv  1955 
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ratio viewed from the spanwise direction, oc  is the average angle of attack, 

q is the dynamic pressure based upon the spanwise velocity component and \ 

is the wing area. The lift from the spanwise flow is neglected when the 

fuselage is upstream of the wing under consideration as this would effectively 

block the spanwise flow along the wing. 

Each side of the horizontal tail is treated as a single panel. The 

flow over each panel is broken into components normal to and parallel to the 

quarter chord line of each panel. The spanwise flow on each panel is treated 

as in the case for the wing. For the normal component of flow over each 

panel the angle of attack is also computed as in the case for the wing and 

the data for the NACA 0012 airfoil built into the program are used at this 

angle of attack. However a finite aspect ratio correction as given in Ref- 

erence 9 was applied to the lift and drag coefficients and is given by the 

following expression 

C £u 
1 '   > + i 

*T 

c,  - CD  + rtföT 

Here Cjo is the two dimensional lift coefficient, AR_ is the aspect ratio as 

viewed from normal to the quarter chord, and C„ is the two dimensional drag 

coefficient. 

The vertical tail was treated as a half wing mounted on a reflection 

plane. The wind tunnel tests showed that there was generally a very small 

W component of velocity at the vertical tail centroid. Therefore this compo- 

nent was neglected. The lift coefficient on the tail is calculated according 
Q 

to following formula taken from Nicolai* 

9.  Nicolai, L.M.  Fundamentals of Aircraft Design  METS Inc.  Xenia, 
Ohio,  1975 

s: 
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where Ca  is the two dimensional lift coefficient (taken from NACA 0012 

data),    ARVT is the aspect ratio of the vertical tail and -Avr is the 

sweep of the quarter chord line. The drag coefficient is 

71 fiRVT 

where C_ is the two dimensional value. 
o 

The E-3 aircraft has a large circular radome attached to the fuselage 

by a pair of struts. For ease of analysis only a single strut on the fuselage 

centerline is considered. This strut is treated as one of the wing panels 

and is assumed to act in a strictly two dimensional fashion since it is end 

plated by the fuselage and the radome. The radome is treated as a circular 

planform wing. The local velocities for computing the forces on the radome 

are taken as those at its center. The following expressions for lift and 

drag coefficient for the pod were used: 

1.8 A** a  (i+2 \±l-»QL I) CC6 Oi 

2C, C^ to* a 

Here a is the angle calculated from the local velocities, and Cr is the skin r 
friction coefficient. In the expression for C^ the constant 1.8 factor is 

the theoretical lift curve slope for the potential flow about a circular 

planform wing as given in Reference 10. 

10. Thwaites, B. 
1960 

Editor  Incompressible Aerodynamics  Oxford Press 
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A compilation of the required geometrical data, the aerodynamic force 

and moment quantities calculated by the computer program and the symbol used 

for each quantity are given in Appendix D. 

6.3    STATICS PROBLEM 

The aerodynamic forces and moments on the aircraft are used as inputs 

to a statics problem. The statics problems for all of the aircraft are 

statically indeterminate with different degrees of redundancies dependent 

upon the number of landing gear. This fact has necessitated a separate 

analysis for each aircraft depending upon the number of landing gears. The 

principle of consistent deflections has been used to make the statics problems 

determinate.  In general it has been assumed that the landing gear can supply 

a normal or vertical force and a side force parallel to the axle of each 

gear up to the frictional limit between the wheels and the ramp. A coefficient 

of friction of 1.0 has been assumed. Since the aircraft will generally be 

towed, only the gear which has a tug affixed can supply an axial force. This 

gives a total of 7 unknowns in the problem for the E-3, 9 unknowns in the 

problem for the B-52 and 11 unknowns in the problem for the E-4. Since there 

are only six equations available from requiring equilibrium of the total 

forces and moments on the aircraft each problem is statically indeterminate. 

The equations required to make the problem determinate in each case are ob- 

tained by considering the elastic deflections of the aircraft and equating 

these deflections to zero at the appropriate landing gear locations.  In order 

to calculate these elastic deflections the aircraft structure has been ide- 

alized to conrist of beams with uniform structural properties. This assump- 

tion allows the problem to be solved without detailed knowledge of the 

structural stiffness of each aircraft. The analysis for each aircraft will 

be discussed separately. 

For the case of the E-3 aircraft it is sufficient to consider the 

fuselage as a beam supported by the landing gear. The main gear can supply 

a vertical force, a lateral horizontal force and a resistance to rolling 

moments. The nose gear can supply a vertical force , a lateral horizontal 
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force and an axial horizontal force since the tug will be affixed to it. 

The nose gear also supplies a rolling moment proportional to its side force 

The beam with its reactive forces is depicted in the following sketch. 

FUSELfiGrE     t 

The aerodynamic forces applied in the X, Y and 2 directions are 

designated as FXA, FYA and FZA respectively. The applied aerodynamic rolling 

moment about the fuselage centerline is designated as MXA, the applied aero- 

dynamic yawing moment about the nose is designated as HZA and the applied 

aerodynamic pitching moment about the nose is designated as MYA. 

Requiring the equilibrumm of forces in the X, Y and Z directions 

respectively results in the following relations 

FXR    f   NGX    *   0 

Fv#   +  M^y   t   A/ay    =   o 

FZF)    -   W   +    M&Z     +    NCrZ     =    0 

(4) 

(5) 

(6) 

S5 
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where W is the aircraft weight. 

Equilibrating the rolling moments about the fuselage centerline 
results in 

MXR    +    MGMX    t   NCMX    -   0 (7) 
where 

NGMX     - (N&Y)(£F) 

and ZF is the height of the fuselage centerline above the ramp. 

Equilibrium of pitching moments about the aircraft nose results in 

Myn f MCri • xia  * NGZ • XNQ - w- XCQ - NGX - ZF  * o     (sj 

Equilibrium of yawing moments about the aircraft nose results in 

MZfi     *    NQY  . XNG   t   MGY.X1Q     ,   0 (in 

This system of six equations may be solved directly for the six 

unknowns NGX, NGY, NG~, MGZ, MGY and MGMX.  This group contains the desireu 

three components of force between the nose gear and the ramp i.e., NGX, NGY 

and MGZ but the forces between the main gear and the ramp are still undetermined 

The forces between the main gear and ramp have been determined by 

idealizing the landing gear, wing and fuselage carry through structure as 

the bent problem shown in the following sketch. 

m 
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Here A represents the left gear and B the right gear. The quanti- 

ties Hk  and HD are the horizontal reactions at the left and right gear re- 

spectively; V and Vfi are the vertical reactions at the left gear and right 

gear respectively. The quantities F , FH and N*x are related to the previously 

found quantities by 

M 

and 

MGMX 

- May 

2Y1GT LICr 

The supports at A and B are assumed pinned and all other joints 

of the bent are assumed rigid. The members of the bent are all assumed to 

have the same value of El where E is the modulus of elasticity and I is the 

S? 



moment of inertia of the cross section of the beams. The horizontal and vo - 

tical reactions at A and B may be solved by requiring equilibrium of the 

total forces and moments on the bent and by requiring no deflection of point 

A relative to point B. The results are 

-L |fy h.  ,[MK 4 r,(§r-Lx)] -rH . L^ (10) 

^ - Fv    -    *B 
(11) 

H 

H 

+ L 

; 

{" ti 

i*I*Mi X 

L 
X 

r F*L*    + 

L   * 4 
- 

-*i 9   ~   FH 

K + ^C«F-t2>] -i. Kfl L* f Fvil 

^, x K * v**-**>] (12) 

(13) 

A gear lifts when the vertical reaction becomes negative and a gear 

slides when 

IH, IN 
> i 

Now all of the required gear reactions for the E-3 can be calculated 

from the foregoing equations. 

For the case of the B-52 the overall procedure for solving the prob- 

lem is similar with the exception that one more relation must be developed 

by considering the elastic deformation of the aircraft. The fuselage sup- 

ported by the landing gear is again considered first. The beam representing 

the fuselage with the reaction forces applied is shown in the following 

sketch 

ss 
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FUSELRGE   <£ 

However now NGMX, the reactive moment supplied by the front pair of 

landing gear, is an unknown. This unknown is determined by considering the 

torsional deflection of the fuselage.  It is assumed that both sets of landing 

gear will not allow torsional rotation of the beam (fuselage). The torsional 

loads on the fuselage are shown in the following sketch. 

W/A>£ QUARTER 
CHORD 

Here LWQC is the distance of the wing quarter chord line at the wing root 

from the nose and TW is the rolling moment applied to the fuselage by the 

wing (known from the aerodynamic portion of the analysis). The torsional 

moments applied by the tail are not shown in this sketch since they are not 

S9 
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required for the present purposes. Assuming that the second pair of main 

gear does not allow torsional rotation and the fuselage has uniform structural 

properties the angular rotation at the first set of gear 6X1Q  may be expressed 
as 

e 
Xt& J£ <[TW(X2G   -  LWdO    4-   NZMX  <*ZC-Kta)\ 

where G is the shearing modulus and J is the polar moment of inertia of the 
fuselage. Then if no rotation is alloweu at XIG we have 

(*2G  - LWQ.C) NQMX    x  - fW — tZ*±-L (14) 

Equilibrium of overall forces and moments on the fuselage result in a set of 
six equations similar to the case for the E-3 namely: 

FXR   +    NGX    -    o 
(15) 

FYfi    f    MGY   +    NQy    ,   Q 

(16) 
F2R    ~    w    +   MGE    +   A/CZ     -   O 

(17) 

MXR    +    MGMX     f.    NQMX    -    A 
(IS) 

mfl    +   "***««    •  NGl.XJG   -   *.xco   .   N<SrX.zF     m   0      m) 

Equations (14) through l-O) are solved for the seven unknowns NGMX, 
MGMX, NGX, MGY, HEX,  MGZ, and NGZ. The reactions between the gear and the 

ramp for each set of gears are found by idealising the gear and carry through 

structure as a bent, similar to the case for ths  E-3 problem.  The reactions 
on the front two gear are found from Equations (10) through (15) with the 
substitutions 
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Fv   « /va* 

Mx   «   NQMX 

The reactions on the rear two gears are found fron Equations (10) 

through ( 13] with the substitutions 

MK   -  M£MX 

FH - -May 

Now all of the required reactions on the B-52 gear are determined. 

The statics problem for the E-4 is considerably more complicated 

than those for the other two aircraft. The E-4 statics problem was initially 

formulated along lines similar to the other two aircraft. However, this 

analysis led to unreasonably low predictions for the maximum safe handling 

speed. The reasons for this failure of the analysis wer» traced to the 

peculiar geometry of the E-4 gear and the method in which the structure was 

idealized. The minimum safe handling speeds on the E-4 were subsequently 

determined by replacing the actual 5 landing gear configuration of the air- 

craft with an equivalent 3 gear configuration. For the sake of completeness 

the original analysis will be developed along with its reasons for failing. 

The E-4 statics problem requires that two more relations be developed 

from considerations of the elastic deformation of the aircraft than were 

necessary for the B-52 case. These relations were developed by considering 

the bending of the fuselage in the horizontal and vertical planes. The re- 

active forces and moments on the beam representing the fuselage are shown in 

the following sketch. 

. 91 



BmppwPHwwsmiwwPCTwwpp •M"wi«wiuii mwwjupii 

NOSE 

Requiring equilibrium of the overall forces and moments results in 

the following relations 

where 

FXfl + NGX     « 0 

FYfi * MZGY   + MIGY   *   NGY   -   0 

F2R + MZGi.    * M/&2    + A/62   - W    «  0 

MXfl •*• MiMA   -f MIMA   *  AKrAf*     s   Ö 

A/&MX    «    yvsy • £F 

My/?   +    M2G2 • X2£   +  MlGi • X1G   +  NG2   • XNG 

- NGX • EF    -    H/ •  XCG       *    O 

ME ft  f  M2G/ • X*G   + M;<*y • X7$   + /vs-y • xAy/a   = 0 

en 

(22) 

(23) 

(251 

(26) 

Thus far there are -nine unknowns M1GZ, M2GZ, NGZ, MZGY, MIGY, NGY, 

NGX, MIMX and M2MX. Consideration of fuselage torsional deflection similar 
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to that for the B-52 case gives the following expression for M1MX. 

M1MX    *     -TW-NGY-iF C") 

The preceding equations may now be solved directly for M2MX and NGX; 

also, MIGZ and M2GZ may be found in terms of NGZ, and M1GY and NGY may be 

found in terms of M2GY. NGZ is found by considering the bending of the 

fuselage in the vertical plane. The bending has been calculated by an ap- 

plication of Castigliano's Theorem. First the strain energy, 0V , due to 

vertical bending is calculated along the length of the fuselage according to 

where M0 is the vertical bending moment. Calculation of this integral re- 

quires   the distribution of the aerodynamic normal forces on the fuselage 

plus the wing pitching moment and normal force transmitted to the fuselage 

which are available from the aerodynamic analysis. Also the entire weight of 

the aircraft is considered concentrated at the location of the center of 

gravity. Since as previously noted MIGZ, and M2GZ may be expressed in terms 

of NGZ the strain energy, Uv  , is functionally 

Uv    =    UV(NGZ) 

Now the vertical deflection of the fuselage, 6V  , at the nose gear is 

- -   15*. 

ana for no deflection, cjy * 0   gives one of the required relations. 

This deflection constraint results in the following expression 
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where 

N   m     /Vf    *   N^   +   A/,   +   A/4  f   A/j   +   A/c  •   Ny   *   N$ 

TD  *    TO,    +    TOa    •   TO,    •   T04   •   TO,   +   7"04 

TO- =   Cf + K')   £f*C5K(7%2tS) - FMCSKCS,*, 5>] 

TD3   =    "A [CA, - A2)
a  - <-*7 - Aa)* ] 

704 s    XaO^Ka)   FtfCSK (7,5,5) 

TOa 

TO. 

'K%K P    [<*,--*/ -<-*,-***>*] 

-*•** (-*, - A7)
X 

/V     .    AfL JF«£S5 (5,1,2)  +Cf*Ka)  [^/ttSKC 7,7,5; 

-   F*CSKC5, ;,5)]   -   ^ [(-A, - -*•,)*" <*»--*•>*]} 

iV,  -    A/FW -[FäCSS (5,Z,3)   +(l+Ka)[FÄCSKr7,3,5; 

i> -i 

-F*CSKC5,3,5)]   --j^C^-^)   - r-A,--^)*3j 

M     a    CCNF  ^FRCSS (5,2,4)   +(14>KZ) [FfiCSK(7,4,5) 

-   FRC5K(Si4)S)'\   --Jt[^--64)    -C^7-^4)
2]| 

tf. 
"s s  ir •* K. 

N    =     -   w(Of/fa)  FAC*Ä (7,5,1,) - -^[f^-**)*- ^7-^>*]> 
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N. 

N, 

>f     »      XNL 

^2     *     XNG 

^.j     a      Z.WJQC 

A4    *      XCCNF 

A>U  •   xca 

^7    *      X2& 

A>. LQCT 

•*#p   *     ^-QCV 

FRCKS (I, J,L)    *   j  { -42 - Kj - -j (4,t- J>j\  (A,x - A,f 

I*/ • -*fc  -   FXP . ZF  -   A7/*   - ^,CW - F2/0 
*.   * 

i        *5 - *7 

*,' *i 

«3* 
Wa4-   FX«. £F   - Afy/9   -^5(lV-F2/?; 

A7-   ^ 
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A,x * As K2 

1 + K* 

K, (r+*x)Ks + K++7 

and where NL, WPM, NFW, CCNF and ANF are aerodynamic forces or moments acting 

upon the aircraft components and are defined in Appendix D. 

Then after NGZ is known M1GZ and M2GZ are determined by 

Mt<S2    -    Kf + KzNQl 

M2GZ    -    Kt + K   AfCi 

The process for solving for M2GY is similar to that for NGZ. The 

bending of the fuselage in the horizontal plane is censidered. The strain 

energy due to bending in the horizontal plane, ÜH , is calculated according 

to 

u" * I7if(M*H
u>?'i* 

where Mß is the horizontal bending moment. This is essentially an expression 

of the H form 
UH   *    Uu (MZQY) 

and the horizontal deflection of the fuselage at X2G is 

6 s   iää 
H d(MZCY) 

Requiring SH to be zero results in 

-7 
MZGrY    *      — 
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I**s HEI 

where 
T   - 

a - 

T - SF{KiO   ?***&<*, t,Z)   -   F*CSK<7t!t!t) 

^10 

-wyM {x Cf^- V-^- V3-f [<-•*-*,,>» 

WS/r  {*.<>   r*CSS<S,Z,S)  - FHCSK(7,3,V)  + FACSK(5,3, ,,) 

K 

0 

^7 

71 
K 

-Mf .   -=*  (*,,   --)* »o    "ar 

{IS 

'S8 C^5"^)3  - r*CSK<7,2,U)    + F/JCSKCr,!,//) 
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S2- -K, M«K*<V1.*>- ^[fVv'-^-^)X] 

py* .^ - MZ/? 
7 

^5   "^2 

K.    » <**'*-, 
^i 

**-**>* 

K.   - 
*>, • FV* - M 2ft 

ni 
^2-^r 

^o- 
•*>*'+7 

-**--** 

tt * -^^,o + ^^) 

Kia * ^7 - *M 

Here SF, WYM, WSF, CCSF and ASF are aerodynamic forces or moments acting 

upon the aircraft components and are defined in Appendix D. Then after M2GY 

is known M1GY and NGY may be determined as 

Mtay   -     K, + Ks . M1CV 

A/ay  «   K  + K,0- A?2G.y 

Thus far the reactions at the nose gear NGX, NGY and NGZ have been 

determined. The reactions on the two sets of main gear are again calculated 

by idealizing the gear and carry through structure as a bent problem. The 

horizontal reactions on the front set of main gear, HIA and HIB, and the ver- 

tical reactions, VIA and VIB, are found from Equations (10) through (13) with 

the substitutions 
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Fy    •    MtGr2 

M^ •    Mt MX 

FH   •    -Miö-y 

tt   •   2- YfG 

i.a •   MC 

The horizontal reactions on the rear set of main gear, H2A and H2B, 

and the vertical reactions, V2A and V2B,  are found from Equations  (10) through 

1151   with the following substitutions 

Fv   •   M2GZ 

M\  »   MZMX 

f     a   ~M2&Y 

tf    «   2 • Y2G 

Lz   -    LZG, 

The preceding analysis supply sufficient relations to calculate 

all of the unknown reactions at the landing gear. However, these calculations, 

as previously mentioned, lead to unreasonably low estimates of the safe 

handling speeds for the E-4. The minimum speed predicted by this analysis 

can be discerned by inspection of Table 1. In this table L indicates when 

the rear main upwind gear is lifting, L-S incidates when the rear main upwind 

gear is lifting and the nose wheel is sliding and S indicates when one of the 

main gear is sliding. It is seen that trouble occurs at as low a wind speed 

as 15 knots. This value was judged to be unreali*tically low. Analysis of 

the numerical results indicated that the problem arose because of the method 

used to analyze the side load and yawing moment on the fuselage and the pecu- 

liar geometry of the undercarriage wherein the main gear have a close axial 

spacing. The source of the large side force reactions can be seen by con- 

sidering the following simplified version of the horizontal bending problem 

for the fuselage. In this simplified problem we only consider one aerodynamic 

side force applied to the fuselage at the center of pressure for the side 

forces, and the fuselage is restrained by the gear located at three axial 

stations along the fuselage. The problem is shown in the following sketch. 
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Tahiti 
AIRCRAFT FORCE ANALYSIS SUMMARY SHEET; 

AIRCRAFT E-4 (5 GEAR) GOING ONTO RAMP 

WIND WIND SPEED (knots! WIND SPEED tknott! 

DIRECTION 
«•»ml 

IB                       20                 28 16                 20                 28 
AIRCRAFT NOSE POSITION. XN - 78' AIRCRAFT NOSE POSITION, XN - 380' 

SIS X                        XX XXX 
006 X                        X                  S X                   X                  8 
03S X                        L                   L S                   L                 L-S 
Ott L                      L-S                L-S w               L-S               L-8 
OSS X                        L                 L-S L                   L                  L-S 
128 X                        XX X                   L                   L 
106 X                        XX XXX 
ISO X                        XX X                  S                   L 
218 X                        L                 L-S L                   L                  L-S 
248 L                      L-S                L-8 L                 L-8                 L-8 
276 S                        L                 L-S L                   L                  L-8 
206 X                        X                  8 XXL 

AIRCRAFT NOSE POSITION, XN - 178' AIRCRAFT NOSE POSITION, XN • 488' 

328 X                        XX XXX 
008 X                        XX X                  X                  8 
038 X                        L                L-8 L                   L                   L 
Ott L                      L-8                L-8 L                   L                  L-8 
008 X                      L-S                L-S L                   L                  L-S 
128 X                        X                  S X                  8                   L 
168 X                        XX XXX 
188 X                        X                L-8 XXL 
216 S                      L-8                L-8 L                   L                  L-S 
248 L                      L-S                L-S L                L-S                  L-S 
276 8                        L                L-S L                   L                  L-S 
306 X                        XX XXL 

LEGEND: X • AIRCRAFT SAFE: S - GEAR SLIPPING: L - GEAR LIFTING 
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FYÄ 

r«/L 

M2CY  Af/Cy 

xry« 
—a a- 

X2G   X1Q 

NOy 

NOSE 
XNC- 

Here FYA is the applied aerodynamic side load applied at the center of pres- 

sure which is aft of the second main gear because of the vertical tail. Also 

M2GY, M1GY and NGY are the side force reactions supplied by the landing 

gear. If we let X2G « XMG • 6  and X1G • XMG - € (for the E-4, XMG • 109.45 ft. 

and £ • 5.05 ft) and require no lateral deflection at X2G to resolve the in- 

determinacy, then the reactions may be expressed by the following relations 

M/Cy   m    K3 + K4 MZCrY 

Nay   M   K, + K2 Mzcy 

{K K 
-ip*   (XMC-f -X-NG) f   K, [Z(XMG -£-XA/fr)c"2+ y € $ ] 

where 

K 

Ka = 

K- 

K4- 

FYA ( x/-»a -6 - xry/9) 

XNG - XMGr + 6 

-*£ 
x/s/a-x MÄ+e 

FY*(XN£ - xry/?) 
XMÄ - - e - XNG 

XNG - X/*l£-£ 

XMG - £ - XA/<? 
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The following limit ins behavior with respect to €   may be deduced from 

the above formulae 

but Jt~» iMiar • may; - rov 2£g Z XW)   < „ 
€-0 XMC-XAJG 

so it is seen that for small axial spacing between the main gear that M2GY 

becomes large and positive while MIGY becomes large and negative. As a sample 

case that corresponds to uniform wind conditions at 35*3S knots approaching 

from 45* from the left the following results are obtained 

FYA • 1.5041 x 104 pounds 

XFYA • 139.6 ft. 

M2GY • 5.4504 x 104 pounds 

MIGY • -3.9734 x 104 pounds 

NGY • 2.32 x 102 pounds 

These large lateral reactions result in lifting of the upwind gear 

located at X2G at low wind speeds. 

This difficiency in the analysis could probably be corrected by 

treating the four main gear as a space frame unit. However, this would have 

required a more detailed knowledge of the aircraft structure and was beyond 

the scope of the present program. As an approximation, to fill the needs of 

the present program, the actual 5 gear undercarriage of the aircraft was re- 

placed with an equivalent 3 gear undercarriage. The four main gear of the 

E-4 wer* replaced with two gears. The original two main gears on each side 

of the aircraft were replaced with a single gear located at the mean axial 

io: 
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station and mean lateral position of the original gear. It was felt that this 

was a reasonable approximation considering the relatively close axial spacing 

of the actual main gears. The approximate three gear configuration does not 

have as wide a track as the actual aircraft gear and therefore can supply 

less resistance to overturning moments than the actual gears. It is, there- 

fore, thought that the approximate three gear results for safe handling speed 

should be conservative. 

6.4     RESULTS 

The foregoing analysis was applied to each aircraft for five posi- 

tions going onto the facility and four positions coming off. The wind speeds 

ranged from 20 to 80 knots. The positions of the aircraft going onto and off 

the facility were selected as those most likely to cause trouble on the basis 

of inspection of the smoke flow studies and velocity surveys. The results 

for safe handling speeds are shown in Tables 2-4. In these tables XN i:> 

the coordinate of the aircraft nose in the TRESTLE axis system. The fusslige 

centerline is always parallel to the X axis of the TRESTLE. The last XN 

position for going onto the ramp in each case corresponds to the test position 

for the aircraft on the test stand. For the first XN location going onto 

the ramp the aircraft is mainly iucaUd on the approach area. This location 

was selected on the basis of the smoke flow studies and quite often provides 

the minimum safe handling speed. For the case of the B-52 (Table 2) an un- 

safe condition first appears at a wind speed of 35 knots.  Initial trouble 

with this aircraft always entails the slipping of the upwind front gear. The 

wind directions which are thirty degrees off alignment with the fuselage axis 

give the minimum safe speeds. For the cases of the E-3 and E-4 (Tables 3 

and 4) aircraft unsafe conditions first appear ut 35 knots. Initial trouble 

with these aircraft always entails slipping of the nose gear. The cross wind 

cases of 65 degrees and 245 degrees give the minimum safe handling speeds. 

A composite graph has been made for each aircraft which gives the safe handling 

speeds SJ a function of wind direction considering all positions on the facil- 

ity. These plots are shown in Figures 32, 33, 34. The dashed line with 
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Figure 32.   Summary of Results from Force Analysis of B-52 Aircraft For All 
Positions on Ramp and Test Stand of TRESTLE Facility. 
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Figure 33. Summary of Results from Force Analysis of E-3 Aircraft For All 
Positions on Ramp and Test Stand of TRESTLE Facility. 
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Figure 34.   Summary of Results from Force Analysis of E-4 Aircraft (Tricycle 
Gear Approximation) For All Positions on Ramp and Test Stand of 
TRESTLE Facility. 
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the square symbols indicate the lowest speed points where the calculations 

indicated trouble exists. The solid line with circular symbols indicate the 

next lowest speed increment where a calculation was made and no unsafe condi- 

tions were found. This solid curve is recommended as the boundary for safe 

ground handling. 

The reactions between the aircraft gears and the test platform are 

given in Tables 5, 6, 7 and 8. In these tables are listed the gear reaction 

Un pounds) for the nose position on the test platform XN, the wind direction, 

PHI and the wind speed, IINIF. in knots. 

For the case of the B-S2 (Table 5) the reaction quantities are de- 

fined according to the following list 

H1A - Horizontal reaction at the front left gear 

H1B - Horizontal reaction at the front right gear 

H2A - Horizontal reaction at the rear left gear 

H2B - Horizontal reaction at the rear right gear 

VIA •• Vertical reaction at the front left gear 

V1B - Vertical reaction at the front right gear 

V2A - Vertical reaction at the rear left gear 

V2B - Vertical reaction at the rear right gear 

NGX - Axial force reaction at front gears 

For the case of the E-3 tTable t>) the following definitions apply 

NGX - Axial force reaction at nose gear 

NGY - Horizontal reaction at nose gear 

NG2 - Vertical reaction at nose gear 

HA - Horizontal reaction at left main gear 

HB - Horizontal reaction at right main gear 

VA - Vertical reaction at left main gear 

VB - Vertical reaction at right main gear 
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Table 5 

LANDING GEAR REACTIONS FOR B-52 AIRCRAFT ON TEST STAND 

»XwCWiFT!   B.S2 AIBCBAFT   OOINC   ONTO  **NP 

SH«978.0 PMll 9.0 nfc*« as.o 

• i 

*<u«-2.2«04t«o« 
H2As.2.4«S3E»0« 

«*»«,78.0 

•*2*a.2.44«BL*0« 

••Un.J.lllTl.O» 
"?**>7.c?in~»o« 

«*»«78.0 

«l"«-2.32«8C*0« 
*2A«-2.37«;OI*O» 

HlAa-J.33*81.0«. 
«2A«.2.S;>o<»E»ü« 

*W»378.0 

*47A«.2.3338E»0« 

•*«37e,o 

Ml*«-«.*«4Sl*0« 
*2A«-1.«;W07E*0«» 

XN««78.0 

"1A«-2.31«IE*0« 

»Ns«.78,0 

;|lA»-«,,33<»lt»o<» 
*>A«-2.«022E*0« 

«•»»378.0 

•<1A«-2.3977C*0» 
H2A«-2,2474t*0« 

*NB578.0 

HU*-2.3830E*0« 
*2A«.2.1122E*0« 

H1H»   2.28«4£*o« 
H2B8   2.8810E*0« 

Wit        3.0 

~""m ra*Tsr*o»v 
»28«   2.*277[»o« 

PHI«      S.O 

H18«   2.2««9C«0« 
MSB«   r.?828C*0« 

Wi        3,0 

Ml««   2.30*9C*0« 
"«rt«   J.0«43E*O« 

PH|i        3,o 

»18«   2.3203E*0« 
H2Ri   3.118«C*0« 

P*1*      5.0 

»IB*   2.38091*0« 
H2H«   3.389H*o« 

PHli        s.o 

*lHa   2,«3l*£*0« 
H2B*   3.9fc0lC*0* 

PHf«     33.0 

•MB«   2.2372C*0« 
N2H«   3.0S20E*0« 

PHla     33.0 

HIP«   2.2321E*0H 
H2R«   3.1738E*0« 

PHI«     33.0 

H1B«   2.2«42E*0« 
HWB«   3,3178[»c«* 

PHI«     33,0 

H1B«   2.23«3E*0« 
H28«   3,«8«0E*0« 

Via«   3.2490E*0« 
V2A«   7.0080E*0« 

UINF«   30,0 

VHs  i».«TT7r*0* 
V2A«   *..833«C*0« 

UINF«   33,0 

VIA«   o.MU(.D« 
v?*« ».t3i«r*0« 

uiNr« «o.o 

VI*«   «,0«08t*0« 
V2»«   k.J^fcH.OH 

OINF«   •»3.0 

VI*«   3.3071E*0«» 
V2»«   *>.12««E*0« 

UIKP«   40.0 

VI*«   1.32«9E«0« 
V2*«   3.1<»iOE*0«» 

UINFa   80.0 

V1A«-1.9843E*0« 
V2*K    5.3838t»0» 

UlfcF«   23.0 

VI»«   S.3«03E*0« 
V?*«   t».J23«;E*0« 

UlNFa   30,0 

VIA«   S.3142E*0« 
V2*«   3.8532C*0« 

UINF«   33,0 

VIA«   S.0912E*0» 
V2A«   3.29«4C*0« 

UINF«   «0.0 

VIA«   «,7«»S3£*0» 
V2A«  «.S»300E*0« 

wHa   t.«93«l*0* 
v»B«   7.8707U0« 

V»ft«   8.07771*0« 

V«B»   7.789*1*0« 
V»B«   8.3??«t*0« 

VI"«   8.31T«E*0« 
v>Ba   8.«0«7E*0« 

WiB«   8.«l«7l*0« 
k»Ba   8.«?«8C»0« 

VI«» 1.1192E«09 
V»«« 1.01101*09 

W'B« 1.31201*09 
V»Ba 1.22181*09 

ViB*   8.8««BC*0« 
»»«»   8.3229E*o« 

ViB«   8«8138E*0« 
V9B«   *.0U3E*0« 

Vi«a   7.223«E*0« 
V»B«   9.99*BE*0« 

viB«   7.389«t*o« 
VaB«   1.0273E*09 

N«K«-«.403«C*0» 

N«X«*4,fc?8«£.c» 

N6V«.«.0224r*02 

*••"«• l.l78BE*o« 

«Gk«-1.«M«.E*03 

N6X«-2.4313E*03 

N6Jt«-«»,7lSaE»ü3 

N*K«-3.1n3«£*02 

N6X«-7.«»o72E*02 

N8X«-1.0082E*03 

N6X«-1.3188E*03 
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Table 5 (Cont.) 

LANDING GEAR REACTIONS FOR B-52 AIRCRAFT ON TEST STAND 

MlAa-2.«159E»0« 

IN«37A.O 

HUB«2.S3»>«t>0« 
HfAa*1.2636E»0« 

XNB97S.0 

H1AB-2.73«0E*Q« 
M2AB-1.23ä*L»03 

IM57O.0 

MlA»-2.3lhfeL*D>» 
H2As.2.«729E»0» 

XN-S78.0 

H1AB-2.3377C«09 
M2Aa.2.3399E«0« 

IN8576.0 

MlAa-2.3626E»09 
H»Aa-2.ie26£.»Q9 

XNS578.0 

H1A«-2.391»C»C» 
M2Aa-2.001«»C*0« 

XNB57S.0 

M1AB.2.»»239E»0» 
H2As-1.7959E«0« 

XNB974.0 

*1A*-2»599?E»0« 
M2AB-1.03»*E*09 

XNSS7A.0 

MIAB-2.759«E*0« 
HtAs 3.19S2E*03 

XNB976.0 

MlAs-2.2697E*Q* 
H2AB»2.S376E*0« 

PHI«  3S.0 

•H1B« 2.2313C*0H 
H2BB 3.6723t«09 

PMU  35.0 

H1H« 2.202SE«0» 
H2BB «.1702t >0* 

PHI>  39.0 

Mlflx 2.1510EO« 
H2BB 5.61C6E«0« 

PHls  69.0 

MlBs 2.2**7E*Q<t 
H2BB 3.1371E»0* 

PHX8  65.0 

H1B* 2.2370E«0« 
H2BB S.2963E«0* 

PHI«  65,0 

HlO* 2.22S6E*0* 
M2B« 3.»8»6E»09 

PHIB  63.0 

HlBs 2.2129E*0<» 
H2BS 3.7018E*0«» 

PHIB  63,0 

Hlbs 2.i973E*0« 
M2B« 3.9979£*o<» 

PHIB  63.0 

H1DS 2.m*tC»8« 
H2B> *.66Ü2E*0"» 

PHI»  65.0 

M1B= 2.0»38E*09 
M2B= 6.H819E + 0'» 

PHI«  95.0 

HlBs 2.2«13C*0» 
H2BB 3.00«3E*0* 

UINFs »3.0 

VIAB 9.399J<>0* 
V2AB 5.919SE«0» 

UlfcF« 60.0 

VlAa 3.1132E»0» 
V2AS 1.2122C43K 

UINFs 60.0 

VlAa A.3277E«03 
V2As-3.6007E«0« 

UINFs 23.0 

VIAs 6.26l«E«0« 
V2A8 6.17«9E«0« 

UINFx 30.0 

VlAB 6.3S3lE*09 
V2AB 5,6337E«0« 

UINFs 35.0 

VlAB b.«626E*0« 
V2As •*.9966E«0« 

UIMFs «0,0 

Vl*= 6.5889E»0« 
V2AS t».263«E»0« 

UINFs «5.0 

VIAs b.7321E«0« 
V2AB 3.*»301E*0« 

UINFs 60,0 

VIA= 7.2&28E»0<* 
V2As 3.«229E>03 

UINFs 60.0 

VIAs *.2063E*0« 
V2AS-5,IH72E*0« 

UINFs 25.0 

VIAs 5.7279E*0» 
V2As 6.«396E^0« 

ViBs   7.M3§X*0« 
V9«B   1.1036E«0S 

ViBa  9.3060O0« 
v»B«   1.3A6«C*03 

ViBs   1.219«E«09 
vjfl«   1.6692t»0S 

viB« s.9oa«e«o« 
V9*s   6.76S0E*0« 

ViB*  5.8«62E*0« 
v»Bs   9.39«3E*0« 

ViBs   5.7726E»0« 
V»Bs   1.011«E«05 

ViBs  5.68T8E*0« 
v»Bs   1.09951*09 

ViBs 5.5916E*0« 
V9Bs 1.1B87E*05 

».85 3.2333E*fl* 
V«Bs 1.537feL*05 

ViBs «.6017E*0« 
V9Bs 2.1580E*05 

ViBs 6.3019E+0« 
V9Bs 8.3388E*0« 

N6Xs.l.6to66E«03 

NCX = -2.9t.2«C.03 

N6X8.S.2673C«03 

N6Xs-2,209«E«02 

NGX=-3.iai6E*02 

N5Xs.«.3306E«02 

M»Xs-5.6S62E*02 

NGXs-7.HB7E*02 

N6Xx-l,2727E*03 

N6Xs-2.2623E^03 

NGXs 3.03lSE*02 
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Tab«« 5 (Cont.) 

LANDING GEAR REACTIONS FOR 3 52 AIRCRAFT ON TEST STAND 

M2Aa-2.«332t«0« 

XN»578.0 

MlAa-2.270a,t.»0» 
H2A«.2.3e«7C»8% 

XNB»78.0 

M1A«.2.2712C*0« 
H2Aa.2.1(72E»0» 

XN8978.0 

HtAs.2.27l9i*0« 
H2AB-2.0098E*0» 

~ fWBTt. 0 

HlAs.2.27««C»0« 
H2As-l.«07«(.*0* 

««U978.0 

H1AB-2.2789£*0«I 
H2AB.3.»3((E«03 

INS578.0 

<UAs.2.263«t»0« 
H2*r-2.fcU*L»0'» 

INBS76.0 

Hi*s-2,2fel0t»0'* 
H2AS.2.S«4SE:«0<* 

XNS576.0 

H1A=-2.23«?E*01 
MjAs-2.i*4«*gt>ü» 

xNasra.o 

M1A«-2.2531E*0H 
H2Aa-2.3(B8E*0« 

XNB976.0 

M1AB-2.251«»E*0* 
M2Aa-2.2A09E*0<* 

FMX«    »5.0 

MlfSCVW 
H2Ba   3.1092C»0« 

PH|a  »«J.o 

MlB» 2*213«£«o« 
K2B« 3.22*U»0« 

PHI« »9.0 

HXBa 2,19»U»0« 
HJBa J.3tl«C«0* 

PHla  »9.0 

Mia« 2.iao*t»o«» 
H2B« 3.3178E»0« 

  PRT» »5.0 

MlBa Z.U20C»0« 
N^Sa t.Q933l*a% 

PHI« »9.0 

HlBa 1.9902E«-0« 
«2Sa 5.122SE*0« 

PMI« 129.0 

HlBa 2.2533C*OH 
H2Ba 2.aai«E.«0« 

PHla 123.0 

HlBa 2.2"»fc3C»0H 
R2Ba 2.»282E*0H 

PHI» 123.0 

HlBa 2.2383E*0I» 
niHa /.•»03ot*Ol» 

PHI» 129.0 

HlBa 2.2292E»0H 
H2Ba 3.0»7»E*0» 

PHI* 125.0 

HlBa 2.2188E+0* 
H2Ba 3.1197E + 0«« 

UIHFa 30.0 

V2A» 4.0172C*0* 

UlfcFa 33.0 

VlAa 9.<*188C«0« 
V2»a S.S177O0« 

UINFt »0.0 

VlAa S.2297E»0« 
V2Aa »,9«H5[.0» 

OIKF« »3,0 

via« 5.00*eC»0* 
V2A8 ft.28a3E»0« 

tINFt (0.0 

VlAa %.1»99C*0« 
V2Aa 1.8fc80C«0» 

UlNFi 80.0 

VlAa >.7S33E*0« 
V2aa-2.*3»8E»0» 

UINFs 23.0 

VI** 3.0202C»0« 
V2A8 »,7t52E*0« 

ÜlfJfa 30.0 

VlAa 4».»(72E*0» 
V2Aa #,.»5»2E*0» 

U1NF* 33.0 

VIA* <*.0318Ct0H 
V2Aa ft.UZiE'O« 

UlNFa »0.0 

VlAa 3.»1»0£«0» 
V2Aa 5.718«E»0« 

UlNFa 05.0 

VlAa 2.713»E*0» 
V2Aa 3.2716E«0« 

VsBa 8.79171*0* NBXa ».3t33E*0> 

ViBa (.3%3»t»0* 
« i«i" T. 2 39 8Ü • 0%    HGX* 5. »41 TtYo 2 

ViBa (.(»SlE'0« 
V>B* ».802»C»0« 

ViBa 6,8((5t»0« 
¥»«* 1.0W1E*Q5 

N«Xa 7.7(0(E*02 

N6Xa 9.8?20C*02 

ViB* 7.S017E«!)» 
V»8« 1.2a0(E*05     NBXa 1.7»61E*03 

ViBa   8.(3101*0« 
V»B«   1.7011E*05 

wi9*  7.02«1E*0» 
V»B*   7.917(E*0« 

N6X*   3.10**E*03 

NBXa   2.97»AE«02 

ViBa   7,«S28E*0« 
V»B«   B.1«52E*0» N6X*   «,2«0«E»6? 

ViBa   7.959*E*0« 
V»Ba   8.«1»3E*0* 

V1B*   8.3«»1£*0« 
V»Ba   8.72«7C*ö» 

VtBa  9.20((E*0« 
V»Ba   9.07((E*0« 

NGX*   5.8«0»E*02 

N6Xa 7.(2B3E*02 

N6X*  9.(5»SE*02 

U6 
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Table 5 (Cunt.) 

LANDING GEAR REACTIONS FOR 8 52 AIRCRAFT ON TEST STAND 

*N»S7i.O 

«1A*.2.23*01*0« 

•UAS-2.21*21*0* 
nnt.l.lMHtO« 

«NaV«.0 

*lAa-2.2A39E*0« 
*2Aa-2.7990E*0* 

«•••57a.o 

HlAa-2.2A12E*0* 
H2Aa-2.7920E*0« 

XH«57a.O 

••UAa-2.25öAt*0* 
H2A»-2.7*Jfcl*0* 

XN«37*.0 

*1A»-2.2S!>5£.0H 
H2A«-2.73*0E*0* 

*N«578.0 

*lAa-2.25l9E*0* 
H2A»-2.72Mt*0* 

XN«378.0 

HiA«-2.2san«o«i 
H2Aa-2.A827E*0* 

IN»578.0 

HlAa-2.213«E*0H 
N2Aa-2.410«E*0* 

«N«97A.O 

MlA«*2.27fc3E*0* 
H2Aa«2,aao«e«o« 

X*«9t1.0 

M1A«-2.2797E*0* 
H2A*»2,8979E*0* 

PHI« 129.0 

MIß« 2.1I00C0« 
H?8" 3.JA77C0» 

PHfa 125.0 

MlB« 2.1U0E*0« 
H2B« 3,*t»3t.g» 

PHla 199.0 

M16* 2.299*C*0* 
H20S 2.7*82E*0* 

PHfa ISS.o 

Miaa 2.25371*0* 
M28» 2.7»91E»0* 

PHla 199.0 

NIB* 2.2910E*0* 
M2fl* 2.7A19C*0* 

PHI* 139.0 

Miri« 2.2*9AE*0* 
H2B« 2.797*E*0* 

PHI« 193.0 

HiB* 2.239*E*0* 
H2B« 2.732*E*0* 

PHI« 199.0 

H1B* 2.21*7E*0* 
H2B> 2.7352C*0* 

PHI« 199.0 

H1B* 2.1762E*0H 
M2B« 2.7092E*0* 

PHI« 183.0 

HlB« 2.2*03E*0* 
H2B« 2.6331E*0* 

 PHI« 115.0 

Hia= 2.2279C401 
H2B« 2.970*E*0* 

UINF» AO.O 

VIA« 1.1939C*03 
V2A« 3.*1*1E*Q» 

UlNFa 80.0 

V2A* A.7289C*03 

UlNFa 23.0 

VIA* A.0A29C*0« 
V2as 7.3*91E*0* 

ijlhf*  30.0 

VIA* fc.uiAlE*0* 
V2A« 7.32*7E*0* 

UINf« 33.0 

VlAa t.07*4E»0* 
V2A8 7.3001E*0* 

UlMf» »0.0 

vl*= *.0823E*0* 
V2A8 7.2699E*0* 

JIUf*   «9.0 

VIA« i,.O909C»OH 
V2Aa 7.23*7E*0* 

UINfs AO.O 

VIA« A.1228E*0* 
V2Aa r.lü40£*0* 

Ulfc'F« 60.0 

VIA« 6.1796E*0* 
V2Aa fc.8772E*0» 

W  UINf« 29.0 

VlAa 7.0910E*09 
V2A« 7.8*19E*0» 

UINf» 30.0 

VlAa 7.*91AE*0I» 
V2A* 8.0A91E*0* 

viB« 1.1(*2C«05 
¥»!»* 1.03801*09 NSls 1.7l*«E»03 

WlBa 1.80271*09 
v»Ba 1.2A98C*09     N6X« S.0513C.03 

ViBa 5.99991*0* 
v»Ba 7.39001*0* 

ViBa 9.97701*09 
V>ea 7.383AC*0* 

ViBa   3.92031*0* 
V>M   7.37*2f*0* 

Vi%«  5.88*1C*0* 
V»B*  r.st,7si*o* 

ViBa. 9.932»E*0» 
V»Ba   7,29*lt*0* 

ViBa  *.9933E*0* 
V»Ba   A.7873E*0* 

Sdt»   l.C72*E*0l 

N6X«   ;.3*»3E*01 

ViBa  9.9908E*0% 
v»B«   7.3803E*0* N6X*   2.lOi*f.Ql 

N6Xs   2.7*5*E*01 

N6X«   3.*7*AE*01 

ViBa   S.7388E*0* 
VSRJ 7.3%UE*09     NGXa 4.l771C*0i 

NGXs 1.0981E*0? 

NGXs 3.957JE*02 

ViBa  *.52B5E*0<> 
VaBa  A.9176E«0» NGXs   5,b98»E*0? 



H55S E^WWTOIW» 

Tablt 5 (Cone.) 

LANDING GEAR REACTIONS FOR B 52 AIRCRAFT ON TEST STANO 

• 

""«•a.iBuc.o* 

HXA*.2.2B82C»0« 

««••S78.0 

***«-3.2*%3ue., 

ni«^78.0 — 

"XA*-2.3<i»B(..6« H?A*-3.**S«£#0, 

«"•378.0 

H**«-2.17«*£.0* 

«»»378.0 

N2Aa.9.o««ic«o« 

**«s/a.o 

»"»sro.o 

.   **A«-3.29*lE»0* 

«"»•S78.0 

HXA*-2.2S38E*0% 
"*A«-3.«3ME*0« 

"•»578.0 

*X**-2.2*23E»0* 
H•»-3.9*73E*0« 

««• XM.e 

H«8»   2.«9*8E«o» 

"IB*   2.1U1C«0* W*B«   2.«lIiC*0« 

PMI«   IH.O 

MX8«   S.t7tfC*o« 
H2H«   2.3t30C*0« 

PHI«   183.0 

MX8s   2.103«C«0« 
H*B«   I.9572r*0« 

PWT* iBsrr 

«IB«   X.9783E»0«» 
"*«*«   l.J21XC«o« 

_ f*I"   213.0 

«IB«   2.2%7*|«0« 
«28«  2.3H2CC«0« 

Wit 2X3.0 

*XB«  7T238Ot*0* 
H2B« 2.«39%E»0* 

pHl«  2X3.0 

NXB»  2.2270E«0H 
~^3T82ri0% ~ 
PM1*   213.0 

«XB«  2.2l«2E*o« 
_f*B« J.X78SE*OH 

PHI«  2X5.0 

*XB*   2.X997E«0« 
M28«  2.0198E»0* 

~~PWI»  2X3. J 

NIB*  2.1«tlE«o« 
H2B«  l.*32*E*0« 

W* 33.0 

***•  <t.3032E»0« 

UINFt   «10.0 

VXA« a.fciin.o* 
***«  8.30*2C»0« 

OlfcF«   %5,o 

WX*«  9.2938E+0* 
VtA».8.«9§U*0« 

OlMr*   4o.o 

VX*«   X.1817£»03 
V?*«   1.0060E*03 

llfcF*   80.0  

WXA«   X.6302E»0S 
***•   X.2126E*0S 

UINF«   23#0 

VX*«   4.6779E«0« 
V2»*  8.293«E*0« 

UIMF«   30.0 

VXA»   7.2%23t*0%   ~ 
*«*«  8.tS98E«0« 

UINFx   33.0 

VIA*   7.fc729E*0«» 
v**«~9.msr*or— 

UINFs  «o.o 

VXA«  8.1698E«0« 
V2A«   9.*«2«Ete„ 

UXNF*  *3,o 

VXA«  B.7330E*0* 
V2A«   i.0302E*03 

»»••   8.X989C»09 
"BX.   7.?3*2E*02 

-Ü?"*.3«93E*0* 
vii. PmR» «iF-rufiiEro3 

v»8« f.«2(9E«0« 
-*??•_ *»*X*3E*0» 

-*•!•   1?1821E*0S 

Vi8>-3.5«22E*02 
*>»• MHTC.Q8 „„,  2.279*fo3 

"*«-%.760«E*0« 

"*"   ,WS«fO* "«•   *.032*E*03 

"'8.   S.lS27t*0« 

""* '•'»*•»      «.. ..»„,«.„ 

ViB* %;7580EV0* 
V*8*   »•^«•M an.  8.3164t.02 

viBs   %.2915E»0% 

V'B«  3.7332E*o« 
*•?* *.905SE*0«» 

WNU id;*  

HB« 3.i«32E»o* 
VaBs   >.2«29t»o* 

-N*?!JLilXS89E*M 

"»8*«   X.»48TE»03 

VIA«   1.0A20E+0S 
V2A«   X.2S59E«05 ViB«  8.82«BE«03 

^»B«   1.7872E*0% 
N6X:«   2,*07*£*o3 
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TaWt 5 (Conl.) 

LANDING GEAR REACTIONS FOR B 52 AIRCRAFT ON TEST STAND 

HlA..*.2tl«£*0« 

•«••97S.0 

«>1A«>2.2«*7£*0« 
«2A>.3.19«31*0« 

•«•978.0 

«1A>.2.23«?C»0« 

«N-STO.O 

NUa*2.22171*0« 
«<2A«-3.3*..£.0« 

<*«S7«.0 

HlA»-2.207%£*0«» 

«*»978.0 

HlA«.J.191l£*a« 
*»*•-<•. lJSSt.O» 

»•••979.0 

M1A«-2.1307E*0* 
42A**S.1900£*0« 

«•••S78.0 

»UA*-2.023SE*0« 
M2A«-7.0483E*0* 

IN«378.0 

«1A«-2.2«1SE*0« 
M2AÄ-3.ö9«7£*w* 

XN«378,0 

HlA«-2..229SE*0« 
M2A«.3.2*12E*0« 

~IW«T78.0 

K1»»-2.21S%E»0» 
H2A»-3.*09SE*0« 

»•HI«   213.0 

H18«   2.0307£*0* 
»28«   3.9*l»E*oJ 

PHI«  2*9.0 

HIM-  2.32l2£*o<» 
«28«   2.*000£»0« 

•Ml« 2*9.0 

NIB*   2.3«*3£»o* 
H2a«   2.23*»E*0« 

•»His  2*9.0 

»IRS   2.371«1*0« 
H2B«   2.039SE*0* 

PHI« 2*9.0 

•US*   2.«032E«0» 
»2fi*    l.*l*8E*0«» 

•-Ml»   2*9.0 

>«IB«   J.*3A9£«o» 
H2B«   l.3397E*0* 

PMIs   2*9.0 

HlB-   2.971SO0« 
M2H«   t.l*3*E*03 

PHI«   2*9.0 

HlB*   2.80««£*0* 
H2B«-I.0M2E*0* 

PHI«  279.0 

HlB«  2.32«*E*0« 
N*B*   4,*hb2L*0* 

PHI« 279.0 

HlB*  2.3*97E*0* 
H2B«   2.3303E*0* 

 ~PHT« T75.0 

HlB*   2.5789C*0* 
H2B«  2.1497£«0* 

ulNri  to.o 

VIA«   l.«930E*09 
V2A«   1..37lC*0? 

UjM«   29.0 

VIA-   • .137000«. 
V2A-   9.0292C*0* 

uisr* 30.0 

VIA*   *.17*9C*Q« 
V2A*   «.7%AOC«0« 

UINfs   39.0 

VIA*   t.2223C«0« 
V2A*   1.03*3003 

UINP-  «0.0 

VIA*   %.2730C*0» 
V2A«   t.l37U*09 

Ui*F»  «9.0 

VIA*  A.i3<»9£*0l» 
V2A*   1.2678O03 

OINP*  40.0 

VIA*   i.SSME.O* 
V2A«   1.*78<»OOS 

UlNFs   SO.O 

VIA*   fc.9S08E*0«» 
V2A«   2.*082C*0«. 

UINP*  29.0 

VIA«  A..2*7E*0<» 
V2A«   8.7138!:.0«» 

UlNFr    SO.O 

VIA«   n,,877AE*0'» 
V?A*   *.29*7E*0* 

blwF«  39.0 

VIA«   7.17«5E*0* 
V2A*   9.97«9E:»0« 

Vi«*-3.138«E*0« 
v»B»-2.«7B«U*0* 

ViB« t.03*01*0« 
V9*-   3.#AS8C*0* 

ViB«   A.0329E*0* 
V»8» 3.2*381*0« 

viHi   -.0?fc«t*0» 
V»B*   %.*579£*0* 

ViB«   ».01*7£*0* 
V»8«   J.iSUCo» 

V'ft*   A.01171*0«» 
V»8«   2,;o3*E»o« 

ViB«   3,*«2lC*0» 
V»9«-1.303?l*0* 

ViB«  3.929SE*0» 
¥»B*-8.078ie*0* 

ViB*   5.332*F*n* 
V»9«  A.12*0E*0* 

ViB«   3.3333£*o* 
V»8*  3.3«2*E*o* 

*6I«   «..399E»03 

NCX«-2.009JX*Q2 

NGX«.2.0932£*02 

N6X*O.9380C*02 

N6X*-S.1»3«.£*U2 

NGX«-A.3097C*0? 

NGX«-1.1573£*03 

NGX = -2.0?7<.003 

N6X«-9.371«.E*02 

N6X«-7.73*9E*02 

ViB*   3.07*8E*0* 
V»8*  *.8988E*0* NSX«-1.0S2BE*03 

iiy 
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Table 5 (Cont.) 

LANDING GEAR REACTIONS FOR B-52 AIRCRAFT ON TEST STAND 

XW«S7B.O 

r.mortinr 
H2As-3.4n»7E*0H 

XN«378.9 

H1A»-2.J805L»ÖH 

H2As-3.8237E*0» 

XN«578.0 

M1A=-2.])2CE*0H 
H2A = -*».t>3*ttE.*Q<+ 

XNS578.0 

HlAa-l.9901E*OH 
M2ft*.*.oa9*E*0* 

XN«S78.0 

HlAx-2.28«»2E*0« 
H2As«2.888«»E*0<» 

XN«578.0 

H1A«-2.2910E*0« 
H2As-2.9382E*0« 

XNS378.0 

H1A«-2.2991E*0«» 
H2A«-2.997lE*0» 

XN«378.0 

H1AS-2.3085C+04 
M2Ä=-3,0651E+0« 

XN»578.0 

H1A»-2.3190E*0» 
H2A*-3.J«»21E*0<» 

XN»578,0 

H1A«-2.3582E*0«» 
H2A«-3.V276E*0» 

PHI« 275.0 

' HIB«  7Z*tW7£*1Rr 
.28«  1.98»3C*0* 

PMla   275.0 

NIB«  2.»S09E*0» 
K2Bs nrnscw 

PMl* 275.0 

HIB* 2.392fcE*0«* 
h2Bs_9,9592E*03 

PMla 273.0 

HIB- 2.8««»6E*0<» 
H2B=-3.8786E*03 

PHI*~303.0 " 

HIB: 2.2909E*0H 
H2B= 2.6821E+0«» 

PHI« 305.0 

MlB* 2,3008E*0* 
H28s 2.6«l3E*0a 

PHI« 305.0 

HIB« 2.3123E+0« 
H2B" 2.5929E*0* 

PHI« 305.0 

hlfls 2.3257E+0* 
-tfZBs~ 275372E*0T 

PHI« 305.0 

H1B= 2.3*08E*0* 
_H2ßa 2.»7»0E*Q» 

PHI« 305.0 

H1B= 2.3970E*01 
H2B«" ?.2398E*0«» 

UINP« «0.0 

XM«378.0" 

HJ*s-2,»278E*0«» 
M2A=-3.9351E*0<» 

 PHIS 305.TJ- 

H18= 2.W8E+0« 
H?B« 1«8235E*0« 

~vn«rn?vx*E?ir 
V2A« l.0768E*0S 

UINP« «5.0 

VIA«   7.9123E*P<» 
~V2As   1.1663E*05 

UINP«   60.0 

VIA«   9.3609E«0<I 
V2A«   l.*978E>05 

uiNFs   50.0 

VIA« 1.1936E+05 
V2A« 2.0872E*03 

~ " UINPs 25.0 ' 

VIA« 6.89«»9E*0«» 
V2A« 7.8979E+0* 

UINF« 30.0 

VIA« 7.2668E*0» 
V2AS A.U69E*0« 

UINPs 35.0 

VIA« 7.7063E+0« 
V2A« 8.3757E*0» 

UlNFs ifO.O 

VIA« 8.2133E+0« 
"V2As 8.67««EV0B 

UINPs »s.O 

VIAs 8.7880E*0U 
V2AS 9^0128E + 0«' 

UINPs 60.0 

VXAs 1.0918E+QS 
V2AS 1.0267E+05 

~vTB«  *,77*»E"*0«r 
V»B* »,1331E*0» 

VfB«  *.<»381E*0« 
VW* 3T2652T*0r 

UINP« BTTD"- 

VIA«   I.»70»E*05 
V2A*  1.2«»97E*05 

WiBs   3.18«6E*0» 
V99s   *t.9132E + 02 

ViBs 9.5617E*03 
V9Bx-5.668»E*0» 

ViBs   5.3055E*0« 
VaBs  6.956A£*0* 

WiBs  «t.9780E*0» 
VsBs  6.7616E4-0» 

N6X«-1.375lE*03 

TtSJCSSlTT^ntiÖa 

NGX«-3.09H0E*Q3 

NGX»-5.5oO«»E*OS 

NGXs-H.9ft22E*02 

N6X«-7.H*56E*02 

vt?» ».59ior*o» ""      
V90s  6.5310E*0<» NGX«-9,7259E*02 

y/9Bs 6-.2650r*0«T N5X«-r.270Srt03 

VMB= 3.6383E*0« 
vs8a S.M3*i*fl<» NGXs-1.607«E*03 

V1BS 1.7626E+0* 
V9Bs »,a«»59E*0» N6XS.2.8582E+03 

viB»-r«57tar*a* 
V9Bs 2.8S93C*0« NGXs-5.08l3E*03 
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Table 5 (COPT.) 

LANDING GEAR REACTIONS FOR B-52 AiRCRAFT ON TEST STAND 

IN»378.0 

M1A««2.2B50C*0» 
M2As-2.8100E*0« 

XN«978.0 

HUs-2.2923C«0* 
H2A*-2.8253E*04 

XN«978.0 

MU«-2.3008E*Q» 
M2As~2.8<»35E*0* 

XN«578.0 

M1**-2,3106E*0H 
H2A«-2.86«»»E»0» 

XN«978.0 

HlAs-2.32171*0» 
M2As-2.aeaiE*0«» 

XN«578.0 

HIAS-2.3630E*0» 
W2A*-2.9760E«0» 

XN«978,0 

MlAs-2.H3b«»E*0«* 
M2A*-3,1323E*0<» 

PHI» 335.0 

HIB" 2.29171*0« 
H2B« 2.792*E*0H 

PHXs 333.0 

HIB« 2.3018E*0« 
H2B> 2.8003C*0« 

PHI« 339.0 

HIB« 2.3138E*0» 
H2b= 2.80951*0''» 

PHI» 333.0 

HIB« 2.3276E*0* 
H2B« 2.8200E*0* 

PHI- 339.0 

Hlfis 2.3<t33E«0» 
H2Bs 2.8319E*0H 

PHIS 335.0 

NIB* 2«*»01»E«0» 
H2Bz 2.876lE*0« 

PHI* 335.0 

HIBs 2.50H6E*0«* 
H2B= 2.95»7E*0* 

UINF» 25.0 

VIA« 6.152BE+0H 
V2A« 7.5151E*0H 

UINF« 30.0 

VIA« 6.19B1E*0« 
V2A« 7.5b57E*0H 

UINFs 35.0 

VIA« 6.2516E*0« 
V2A« 7.6255E*0H 

UINF« «0.0 

VIA« 6.315«E*0<» 
V2A» 7.69«»«»E*0«» 

UINPs H5.0 

VIA» 6.3835E*0«» 
V2A* 7.772GE*0«» 

UINF« 60.0 

VIA* 6.b<*30E*0«» 
V2AS 8.0622E40« 

UlNFs 80.0 

VIA« 7.10'*3E*0"* 
V2As A,5772E*0'» 

ViB«_8'.05I9r*0* 
VaB« 7.H25lE*0% 

ViBa 6.0528E*0* 
v»Bs 7.<»3G0E*O» 

ViB« 6.0539E*0« 
V»B» 7.«ii489E*0H 

VfB« 6.0552E*0% 
V?B« 7.H639E*C* 

ViBs 6.0566E + 0"* 
W»B« 7.H808E*0« 

ViB« 6.0620E*04 
vaB* 7.3«»3«»E*0* 

ViBs •.OTlwEfO* 
V»Bs 7.65"»8E»0I» 

N«X«-2.097HE«02 

NGx=-3.0?0JE*u2 

NGX«-*.ltOAE«02 

NGXs-S.3693E*02 

NGX«-4.7953C*0? 

NGXs-i.2o8lE*03 

NGX«-2.1H77E*03 
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Tablt6 
LANDING GEAR REACTIONS FOR E 3 AIRCRAFT ON TEST STAND 

»1»«X*-S,«J oTi »v . 

HA«»*, <P$t,1t »i>* 

»••.»•j73.0 

Nl»A«-1.0 3uf i  HI < 

HA«-»,,e«»»osi »OH 

Nl'Xi-X. JIjJ'#t »l'J 

»'*•••>, 71' j>t «u* 

N»»X«-1.71JSC»I..* 

HA--..,riibi »u-» 

*>«*,,73,ü 

»N*: 73,0 

>»i»x*->,-*it)bL»u ^ 

HAa«!iav7jt< »i.»» 

XSa-«T3,l, 

NbX«-*».M>PUt »0? 

MAs-o.b« 7ot •U'« 

AN»«7At0 

NbXa-R.07i>HL*i<i 

HA«.».43>U«t»>« 

MihLK«M    «OlM.   01.U'   «A'f 

fill»     ä»a 

I.VT«-'*.3öO* t • i i 

• i|.»     /,^U'>lt*'W 

M«l»        J.Ü 

l,bt«»l«3»U7t.»Ü3 

••«••    7,J*|Ti.«0« 

l »>l«        J.« 

Mil a-l.«7V3t »Jj 

M*Y««rf »•»&«» 71 •(!$ 

n i«    7,»><i7t«u«i 

H"U *j,0 

i-«.ta-i,10«»7l »03 

i.i.«  r.miit «os 

• M i •      t>, J 

>.l, TSO,3«'30t MiJ 

MI'S   f»,iVb,»t.«o«» 

r»U '.'.ii 

i.l.lS.-t.tllBlltu ,5 

..,(»   4 «114 It. «(11 

i'iiU      dö.ü 

I i.ta-t.o*'t>bt »0 3 

Ml.«     7.3b«^t»0H 

itl»Va-1,0»tl9t + ti3 

r.t.a    7,7/'*lt*OH 

,»i*« tt.*i«"*< »0 5 

V A• •   "»»37lll.»0» 

UlM-'»   3U.0 

t.o/«  n.'jr'it.i «03 

V».«   »,Sl 7"»l»0"» 

i.viT«    r>.i>Jl(Ut03 

V»'   «•,«.•3J31 • OH 

I »N> *   10tO 

ivu/«   t-.«OMt »03 

VA«   «tu£U1L*U1 

Hf ti    •* V , 0 

I I»*«    !« , .'.'n.UuiJ 

wA*   t*,77<(ttt*01 

. W :    0,-O 3t»t »03 

¥•»*    7.PrtHt.t «US 

i 1 r » «   A 0 , 0 

M>4:=   "». 3»*3C »1)3 

vfl*  b.«:-*i»C »pi 

IU.H ^>,o 

IH»*!« e>,M'*7L»U3 

vA« *,303AL»0« 

U|i.M    30,0 

M«/» a,5l3ll*«3 

VA»    *.U4J>«L«.01 

*H«   1.01»3L*0» 

w'»» i.g«>y«t*u9 

v4«   |.0«T*t»u9 

»'»»   l.l?9*t»U* 

v;t«   l.l»Mi»o.9 

»l*»   1.300M«U» 

vrt»   1,93**1*U9 

WH»   1.0t»MM*o* 

VM«    i.0l7«l»oS 

IJJ 
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Table 6 (Cont.) 
LANDING GEAR REACTIONS FOR E-3 AIRCRAFT ON TEST STAND 

XN*«73.0 

NGXr-l.Q992t.»u3 

MAa-o.21«,3L»li* 

XH«573.U 

N6Ax-l.H35bL*03 

MA«-b."«»3L»0«» 

XNS«73.0 

MA=-b.öo/9L»ü4 

XN*573,U 

VGX=-3.«3U2L*ü3 

HAs-«,bto2k«C* 

XN««73.0 

^GX = -S.7'»ti-t.»03 

HAs-2.b*«6t.*U«« 

XN3«73.Ü 

NG»=-2.30 75t»u2 

HAs-6,5<MbL*0'» 

XMsS73.v 

NGXs»3.32<eL+02 

MAs-6,31?6e.*(m 

XN=f73.U 

«JÜXSi-,r.iri.0L*u2 

HAr-6,0f i7t*0«» 

XNS573.0 

N6Xs-b.*073l-*ü2 

MA«-S.7«»b8t + 0>» 

XNS573.0 

KHf»      3S.0 

Mb* s-b . b3e2£ tdi 

no«   b.Ü<*02L*U* 

H«|s     3b.ö 

M,YS-J.233bt*03 

t i)3   ö.3HiSt*at» 

•Hl»     3b.0 

t uts-'».15'»9£*03 

nM2    o.bbt'*L*0'« 

HMI*     3b.0 

kbY»-l.*27bi*0*t 

ruS   *.*»b2L*C«» 

hHls     3s.n 

..üY = -2.ö9jHt*u«t 

,«t-=   1.219bE*0b 

PMI«     bb.ö 

t»Ors-3.lHäbc*ü3 

hr.s   7.65i2L*0H 

Hfijs     bb.O 

utT = -'».b3«»ÜE.*03 

HiiS   7.91«tbt.«-üH 

PMls     feb.ü 

ivuT*-e.A713fc.*Q3 

ht5s   a.*i2«»bfc.*04 

P«I=     bb.O 

NbTS-d.06DHE+ü3 

hri«   8.bö22E*0<» 

friis     &5.0 

N6Xs-7.<*7bHE*02 

HAs-b.39VOi*0'» 

UGYs-1.02016 + 0'» 

Hb« 8.9ö7bE*0«» 

CINFs   35.0 

r.G   »  b*61b0£*03~ 

vAs  a.7037E»0«» 

ülr.Fs   **0.0 

I.GZ«   ö.b7*6£*03 

W«=  b.32db£*0H 

Ulf.Fs   «»S.O 

Mi*«  b.7«»22E»03 

Vfl=   7.«i03bE»0»» 

OH.Fs   bO.O 

i»&Z»  b.*92bE*03 

VAs b.42blE*G4 

Oii\Fs ao.o 

Mi^s  <».«»37bE*03 

VA«  3.3275L + 0«» 

Ulf,F =   2b.0 

Mi 2* o.3669£»03 

»/A = 9.39ü5E*0<* 

Ulft'f«  30.0 

(Jb*s  6.3«33t>03 

VA«  9.1b3bfc>0<* 

ÜlNM   3b.0 

KbZ*  e.31b5E*03 

WA«  8.ö735E»0* 

UINF=  10.0 

hhls  b.2ö3b£*03 

VA»  6.550HE+0* 

ÜlNFs   H5.0 

NGZS  6»~2*7Ü*03 

VA»  fe.l8«*2E*0«» 

Vfl*   1.13S7£*U5 

V«a   1.1795E*05 

Wt»=   1.2290E+05 

WR*   l.«»127L*05 

VHS   1.7392t*ü5 

*/Bs  1.0587E*05 

V9*   1.0676E*05 

\/6S   1.1218E + 05 

VB=   1.1613E+05 

VB=   1.2060E+05 
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Table 6 (Cont.) 

LANDING GEAR REACTIONS FOR E-3 AIRCRAFT ON TEST STAND 

****73.0 *ril«     bfj.0 

*(,* = -! 

MA»-*» 

MA*-1 

XN*',7J 

N6»s    «» 

MAS-b 

**.s*73 

•VRXs   3 

HAS-b 

*%s*73 

NttXs   5 

HAs-b 

XNS«<73 

NGXS   6 

hAs-S 

XNs*>73 

•4<*Xs   A 

MAs-b 

XNS*73 

MbXs   1 

HAs-H 

XNa.,73 

Hiiia  2 

HA*-2 

XNS573 

*bXs   3 

HAr-b 

.11 Oil. »OH 

.0 

. 3t»29k»tJ 1 

.0 

»b0ot>L»ut 

• u 

.b9btt*U«c 

. u 

.U.^liL*!,.1 

.l?9lC»0-« 

• u 

.0 

»3S lfct »W 

.5c-»7t»c<» 

.0 

,<*7V««t*Q3 

• <tbe*t (. + !/•» 

.0 

.b3U0t*u3 

.«•iOlt + O4» 

.0 

.7379t*0'« 

'•.or=-l.ai3bL»i,<« 

i«l'*   l.OH9Ot>0*J 

mis     ht).u 

itv*yx»£t2292t*u« 

»>i s   1.31bltt03 

fill*     9;>.J 

f»ots-<.12'»Ot»U,$ 

'«HS    /•<*U7Ut»üt 

H«I»   9&»o 

i*bl**5*Ub>7t*t>3 

MM*   7.t>bl3L»OH 

Mils      95. U 

MI««   7, 7«OöL»i><* 

Mi*«     95,jj 

i.iT»-3.H39at*ü3 

hi<s y.^SHit + o1» 

i.(»Y = -«».a6H«»L*0j 

I j=   o.l**9t • «•» 

Hhls      95.0 

I.NVS-1 .iZiflwu 

HH«   9«IJ77U.*U<* 

fMls     9i,0 

f.ÜTs-2,17siit*0«t 

HUS   l.J6H9fc.*06 

HMI«   12*>. 0 

"fibfs -TTo 31SE* 0 3 

riM*   7.1918E + 0*» 

UINF*  40.0 

Nb2«   0.112**C*O3 

VA«   o.b«!72L»0«. 

Ul^FS   «0.0 

'<&/•   7.b7^9£«03 

VA*  •*.<tl<*dt • 0«« 

ulM-'J   23.0 

ii>/s   tt.*J**2L*03 

WAS   V..»uU,it*0«» 

UltfF*   30.0 

.J«.'2=   »'.58,*3l»03 

WAS   *.u?"*'»C*U«» 

lll>s   35.0 

»'»/*   t.bH3bt»03 

tfAS   «.bS'St.Oit 

uUfa   tu.o 

lvC*2*   b.7119L*03 

VAs   t».32U9t»0«» 

UlftF«   Hb.O 

i.o^s   o.7«93L»03 

VA=   ?,i»93ttf. »U«« 

uif'fr   bO.O 

•" $2-   -».U f oit »1)3 

V«s   b.31üALtO<* 

0IKK=   öü.O 

PJG£*   S.58bHL + 03 

VAs   3.49b6L«0l 

üllüf«   2b,ü 

NGZs   B.b272E*03 

VAs   9.3Db7E»0«» 

vHs   I.j7l7t*bb 

vMa   l.bfb*»l»0*J 

v*«s   l.in»lt*l»u!> 

Vis   1.0b3««t»uS 

v'<*   L,OMAet*oS 

VMS   1.11*2**08 

V"s   l,lSl5t*06 

vBs   l.27*»AE*0S 

vPs   l.«9*»0t*05 

V*s   1.029«iE»05 
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Table6(Cont.) 
LANDING GEAR REACTIONS FOR E-3 AIRCRAFT ON TEST STAND 

XN«b73,u 

NO««  *,6«•7t*02 

MA».b.5979L*UH 

Rn««T5,|i 

NGX«   G.bbi3t.*o«> 

HA»-b.«»Ji.HE*UM 

XNs«73.rt 

•»bXs   4#b8V<»L*l2 

MAs-b.*Hibt*UH 

XNXS73.Ü 

NPX» i,u9?St*ua 

H»=-b.O<ewl»_*C'« 

X*S573.0 

NGXx   1.95H7L*1,3 

MAs-b.2233c*0H 

XNs57i.o 

*GXx   3.«*7t>üt.*Q3 

HAs-3,797bL401* 

XNst)73.ü 

WGAs   3.2E39L*U1 

MAs-7.0011t*Ü«» 

*N*575,0 

NGXx   H.bf37t*ül 

HAs-b.97o9L*U<« 

XN=57J.O 

"5«W" 6.3777b•Ö1 

HAa-6.9«»ö3t*U<* 

XNS573.0 

»•Ml»   12b.0 

'«CTx-r.'»ebbE*03 

"Ha    r.^bläE + U1« 

hril*   1*3.0 

ubYS-2,U2irt«03 

nrt*   7.322lL*0H 

»»«!•   125.0 

LuTs-*,bHUbt*U3 

MMs   7,*03St*i)H 

fhl*   12b.0 

!*ut*-3,£«21t*03 

rb«    f.-*9bat. HI» 

fMls   12b.0 

f.|»s   7,»377L*0«t 

HHls   12b.u 

NOtS-l.Obbif»3» 

Hfc*   d.«*Hb7E*0H 

Ml*   Ibb.u 

Nbrs-b,i99l£*ul 

hd=   7.0t33t*0U 

I'rtis   ibs.ü 

NGYs-7.«*bb8t.*01 

hb*   b.99«»b£*ü«* 

Mnls   lbS.O 

ubr*-i.^i9Ü£*0«! 

Htis   o.^7^3t+04 

HMI=   lbb.O 

NGX=   S.33U1L+01 

HAa-b.91a3t*6<» 

M>Ys-1.3310E*ü«: 

MB*   b.9<tbbt*0«» 

Ulfcf«   30.0 

KM*  9,U062E*03 

*Ax   *.u329£*Qb 

Oil.Fs   35.0 

'»02»   9.«:l77l*03 

VAs   h.709»»E*0«» 

lUFi   *0.Q 

• MS  9."*el8E*03 

WAS   o.33büC*0<« 

Ult.hs  H5.0 

fGZ*   *.73<i<»£*03 

WAX   7.91*9e*0l* 

l»Ih.f»   60.0 

t.b/s   i.u76HE*0b 

i/As   e-.dHHdL^O«» 

UlhFs   8o.O 

N6Z«   1.25d6E*0*» 

VAx   3.bb7oE*0«* 

UifcFs  2b.0 

M»Z* tf.o029E*u3 

VAs   9.o573E*0<* 

UiKFa   30.0 

iMbZx   ö.bö33E*03 

VAx   9.&2b8E + 0<t 

UlNKs   3b.0 

»52* Ö.7782E+03 

VAX  9.7885E*0«» 

UlfiFx   «»0.0 

fW&Z*   fc.d678E*03 

VAx   9.7955E + 0«» 

VBx   l.Qt»b5E*ob 

wHs   1.06bSL*05 

Vlis   l.uab5L*05 

w«x   1.11131*05 

wBx 1.203bt*05 

VBx 1.3b7lL*05 

VHX 9.e63it*o«» 

VBx 9.83«»1E*0«» 

VBx 9.7996E+0«» 

VB= 9.7602E + 0«* 
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Table 6 (Com.) 
LANDING GEAR REACTIONS FOH E-3 AIRCRAFT ON TEST STAND 

«»»«573.0 

NfcXs   1.0ivJt»UP 

HA»-fc.t7 7St »O«» 

«N«b73.u 

NfcA»   l«b7*3t»W 

*A»»b. 73*;)L*lH 

«*S««7.1.C 

wA = -i.,*«<?<:M. »L-» 

«Aa-^J.O 

*tt*s   *,?? 77» »t.' 

*A*-7.1boVt »i.* 

«N»t73.l 

iili*«   3,^••«.31 »C 

MAa-7,1«-©-»«.»^ 

xrv«^7,5,i) 

NbAs   *>.3»«3VL»t^ 

HA*-/.«b/fct.>w4 

«NSS73.U 

Ml.»:   /.0CdM*u<j 

MAs-7.3tlO*vL*üJ« 

KNX«H7i,n 

NOA*  «.67oJL»l>«? 

MAs-7.i70i»t.tU'» 

XNSS73.0 

N6*s   l.t>7u9t»U4 

HAs-7.bl*HL»C>« 

XN«>S73.0 

NGXs  £603«*i.•03 

HAs-d.oaybl^u*: 

M«l«   Ibb.t) 

r'GT««l.bfl"»bl»u«: 

MM«    o.*l 7r>t •')•• 

»-Ml»    ibb.J 

I.«. ¥»-*.****t»0«? 

I'M   b.OUVMltU'« 

• .11«   ISb.U 

i.(.t»»J.3ü'»t»ü«! 

«r>a    h.ol J«il •!.<• 

»-Hi«    lfl'j.U 

>...»= A«uuyM.»u3 

"!<«    O,70Bt)t*J4 

»HIS      ItlÄ,;, 

^•rs  I •***«{.+UJ 

1.1.*   f.,373'*» »JH 

.»HI* les.o 

nes   f>.io71i_»o>* 

HHI« ma.i) 

i.ois   4.27X»t*03 

Ht.i*   3.*30Vf»0«« 

f-Mlr    11»*,, o 

i.itYS   3.<Ubi£ ti)J 

nHs   S.Ubbbt + O«« 

HHl»   löb.O 

f.uY*   1.03HOC*0<« 

hu=   3.b001t»0<* 

Uf.f:   <»b.0 

M»2»  y.ulltt>QS 

WAS   H.o^o«i.*l"* 

ull.fi  bO.0 

'•»/a   •».«•7<2UL*03 

VA«   S.5l«»Jt»ÜH 

NWI    1 .u«">üt •0« 

VA:   'i.l'Jj.'uOi 

I'iff«   *b.'J 

fl)«=    *,0H-»0l«0J 

VA=  i .uJJ»f»ob 

tif>s   3ü.O 

r.i't's    »,ilJ*»l »03 

WAS    l.ubl9t«Ub 

tli.*«    3b.0 

I '•*'»   "»,b*<rf71 »03 

vAs   l.ü732t>«* 

UlKfS   Hü.ü 

i u<*   i ,ij(li7C»gH 

VA«   l.uS77t*i)S 

UlM- =    Hb.l» 

1 '• 2 ~   1« w't 4 XL * ü<* 

wA*   l.libbl»ub 

Ul**fs   60.0 

IVG.'B   1.4015t>0i» 

VAs   l,«U«»7t*05 

OINFs   80.0 

*&/« i.*eo7E*o«» 

VA«   l.*»1^2f*05 

VH«   *. ?1S«.L»U«» 

WHa   9.5«»93t*U«» 

VHS   *,fb*0t*U* 

wMs  «>, i**«.i»o«» 

*»'=   «.«339L*0* 

WHS   P.H.iaHL^O"* 

WM=   7.9f2U«U% 

V«s   7.<*fe90t*U* 

vö* b.s*«8bt»0»» 

V8s   2.1«16t.*o«» 
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Tablt 6 (Com.) 

LANDING GEAR REACTIONS FOR E-3 AIRCRAFT ON TEST STAND 

«N«S7d.U 

*bXs .«.9009t»U* 

HA«-7.t,7Jet*o«» 

XK«*73.0 

"Ms S.,j| -»bt»! A 

»*Aa-7,7» «öL »u« 

*Nsv7.*,0 

NbXs L.vJ^St»ti 

HAx-7,*7o5t*i«» 

*N»57ä.O 

NbXs t».7770t*t;> 

MAs-8.2i'A(,L*l'* 

XNs?73.U 

NbXs l.l>C«>bt*b3 

HAs-9.1?7lc»U'» 

X\s573.u 

NbXs 2.77H0L*U3 

MAs-l.ü7.1uL*('5 

Xfia«7Ä.O 

Hbx"r-2.i«»,it*l-X 

HAs-7.7b23L*0H 

XNs*73.0 

NGXs-i.0?*»9L*ü<; 

HAr-e.0740L*U«» 

XN«573.0 

Mil«   215.0 

*»uia  2.2Ö9«£»U3 

»«t« *.39o3t.*o<t 

»«I*  2l'w.u 

"ITS   i.iölSE*Ji 

nit»   b.a9e^L • ti*» 

r-nla  *lb..| 

i-uis  '•.330«»L»03 

rib«  ft.l3»<«L*i)«i 

•Mis   21t.ü 

i.ur»   b.öbbUL*,'i 

r«s   i,bttl[»,w 

r-Mj«   21u.g 

!*«T«   7.1bo%i*w5 

•nix   «15.0 

i.bY»   l.«;72b*.*UH 

tos  *.«ly2t•'.'•» 

Hrils  216.0 

MiTs   2.26<*»L*C>'» 

"as   2.dbd3t.*u« 

l-nls   2«"j.u 

I'oYs   3.837bk>03 

r*tia   b.*»21H*Ul 

Puls  2«»5.0 

i-oY=   5.52tolE*o3 

MB»   6. lHüL + m 

PHls   2<»5.0 

NGXs-4.2l2ft*02" 

HAs-6.«»bU2L*0H 

»VbYs 7.S21bL*00 

HBs 3.8122E+0H 

UINfs   25.0 

f.G/s  6.5477L*03 

V<«a   1.0H77E»C5 

Ulhf«   30.0 

UG2»   o.^a-iit + CS 

«AS   l.u7l8E*05 

f«l«f*   35.0 

' b2»   o.o503L»03 

v*»   1.10J3E*05 

Llr^s   «0.0 

' ui«   e.7iU7L*0J 

WAS   X.i3A2t*05 

blbfs  *5.0 

' !><Ts   »-.ouUSt^OJ 

VAs   1.17U*E*0« 

uir.fs   bO.O 

r.o/s   9.09*>*L*03 

VAs   1.3Ud5L>05 

blfcfs   80.0 

I G2s   •j.t,219L + 03 

V«s   X.b5H0L»05 

ulNFs   25.0 

lü/s   «.39*»8E*03 

VAs   1.0743O05 

uirVFs   30.0 

fibZs  fc.3<j35£*03 

VAs   l.llulE+05 

üiNFs   35.0 

7Ib:Zs   6.3702L*03 " 

VAs   1.1524E+05 

»*»   •.2H27t*0H 

Vt?s   6.9«*0PE*0H 

WHS   6.5AbOE»0» 

VHs   P.1722E*U« 

vHs   7.703fct*UH 

»Ra   5.9762L+Ü* 

vPs   2.9019L+UH 

VBs  9,21601+0* 

VRs 8.9029L+0« 

VHs   B.5316E + 0«» 
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Table 6 (Com.) 

LANDING GEAR REACTIONS FOR E-3 AIRCRAFT ON TEST STAND 

XNS*73.O l'Ml*   2*5.0 

NbXr-5.50«iL»G«» M»l*   9.«2H2t*(»3 

HAs-fl.öb09L»U* ItU*   3.H31«»t»UH 

x\'«573.u hui* 2«»5.u 

NGx = -fc.9*-.ibL»C2 IitoY«   i.ä*d*€»0» 

MAr-*.3*'*it*li'* r-h*   4.9990t>0H 

XNx«73.U • Ml«   2««5.0 

NGX=-1.2Joot»üi 1 OY« 2.2iu«i«o<» 

H*«-l.ll««»t»OS i.l.i   3.Huub(.*0H 

XNX«,73.U KM I"   2«*!>,0 

NGAs«2.«;0uSt.»u3 ,.i rs   3.9297t»C<« 

MAr-l.bio7L»u5 htj« *«dT**l*<ja 

RNSAT3.il KHla   «jfb.O 

N6Xs-&VtttU?L*l2 .»i-Ys   3.«i3«:9fc.»u3 

Mör-T.tiietL- i,«* nb«   b.S531L*n«t 

XNs^73.0 Hula  27&.0 

tt&*S-7.0b«.7t*b2 i.irs   «•.9H3«»t*0.2 

MAs-7.e?52t*0H rtcis   «,.3319E*0<» 

XNs*74.0 f-nla  275.0 

NGX=-l.U702t*v.< l.uTS   b.72o5t»0.J 

HAs«a.l9o2t*t<» »'tis   o.Ü7ü3E*U<* 

XNs«,73.0 HMls   27s.0 

iMGXs-1.3Wt«L*U3 lltoYS   !»• fUduE. + Oi 

MAs-b.5«i79t*0«* IBs   5.7bbbL*)W 

XN=573.0 WMla  275.0 

NGXs-1.7»"*lt*U3 l.bYs   1.1123t + 0'+ 

H*3-a.9«»«Ht+6«* Mbs   D.H2bbC*09 

"XM«5~73.0 PMla *75.0 

NGXs-3.1«»5lt>ü3 HYs   i.977«»t*0H 

~ HÄs-"i.0HlJ£*05 hb=  ••.X591LVÖV 

UM:   «O.O 

:«0*s   *r3S*9T»Q3~ 

l/ra   1.2012C«05 

UlKF«   «»5.0 

f G*s   »,337bt*03 

VAs   1.25b5t»05 

Ulf F*   bO.O 

t.G7=   <-..2730E.*03 

WAS    1.HO15L*05 

Ull,F=   Öü.O 

r ü.2«   O.15««»E*03 

W>*s   i.o2oüEL*0^ 

UlKM   25.0 

rW«  r ,b«»O0L*05 

wAs   1.0b99£*05 

L'LM-s   3U.0 

l.b*s   o.**H«7t»03 

VAs    l.lüiüC + 05 

bll.Fs   35.0 

t G2=   b.'»5tJ9t»03 

M*s   1.1H39C05 

uli Fs   <*0.0 

l»62«   b.47Üö£ + 03 

VAs   1.19U1L+0« 

UUFs   95^0 

fi&2 =  b.H»«UE+03 

VAs   1.2H25E+05 

ulNFs   60.0 

*»B*   b,1039l»09 

*«s   ?.6191E»0» 

vH=   5.622«E*0H 

vHs   2.fc2b5L*0* 

V*s   9.2709l*0H 

w«=   u.9«»13L*09 

v«s   ä.fe391L»0H 

NbZs   ö.b338t+03 

VAs   l.«*36bE*05 

VH=   B.2«»«*2t*UH 

VBs   7.7967E*09 

VBs  6,1363L*0<» 
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Table 6 (Com.) 
LANDING GEAR REACTIONS FOR E-3 AIRCRAFT ON TF iT STAND 

MAl-l.30*3L»O 

XNaj-73.0 

NGl»0.b<OlL»u« 

H«s.?,3Ct>7l*i«. 

Xfc»b7.1,U 

'»'•«x-«,i;tvt»i ..• 

H*s-7,<,loVt • c«. 

• h««.73.0 

"<»A»«l.lG»«t.«< 3 

*N** 75.0 

x***73.o 

HAS- ^,^^ol(L•o,• 

*N«*-7»,0 

NAa-*,**f*l»t^C«» 

x*«b73.o 

NGXx-b.7ei/bt^0J 

HAs-V.b?«fOt»l;H 

*N«b73.u 

N6Aa-3.16ut»L*u^ 

HAa-7.1«»^Hc*0'» 

XN»S73.0 

"(GXs-«»,«,6U0L»urf 

MAr-7.iei9t»0«* 

»•«I«   30b. 0 

I.Vt*    l.Ü'Ml«^ 

•»v r«   l.b7o«t «uj 

' 1>S    b.ObJcU  «,<• 

»Ml«     3Ub.l. 

MIS     ^.iWbbt«UJ 

'til    b.hd^tti.i. 

• ula   aot.c 

'•v,Ys   ^.dub0t*i,j 

• <•>*   *>.'lb/t*0H 

•'"Is   305.u 

> i<s   b.b^bSt • p«. 

1.1 TS    o..J13bl »fo 

»•na   o.292Ht^0«» 

f"!-   SÖS..3 

•-n>fs    1.1£2%|*QI| 

t^s   b.bVbbt^u«« 

••HI«   331.0 

I.OYS   1.039öt+ü« 

»'tis    7,H^«»t»0«» 

HHls   33b.0 

•\bTs   {.V973E*U* 

"tt*   7.1«*73fc«i)t» 

UlrVFa   00.0 

M*/«   P.b<«0l^03 

V*a   l./ei«L*03 

oiff«   2b.0 

'.l»^a    t«.5>.*«.L »03 

VA*   l.0*b7E^0b 

tiKFs   30.0 

'>w*   b.b9w2t.•03 

w«s    1,^,'lh    * 

OlNKs   3b,o 

1 i»z«  f-.b3*7t.^03 

»A»    l.UVhHE^Cb 

IU»:   HO.O 

• "<T*   r.7J«>9C^03 

»As   l.HdQt*0S 

I'lf »-a  «»b.O 

•»l»7s   f.olb0E«C3 

»A=   Ll«3*»t*0b 

tlKf      60.0 

l »*s   ,».i<37L^0» 

VA=   l.«."*7ut«05 

c|t>a   OÜ.0 

• •W*   V,o707L^03 

VA=   l.t>33bE^Qb 

OU.Ks   2b.0 

"i>t's   t>.>»01b£*Q3 

VA=   1.0070E+05 

Cl»Ue   30,0 

NG£r   «J.3932E*03 

VA=   1.0132E*05 

vHa 3.19COE+0* 

V«s 9.tb7lt•DU 

V' «».«•0791^0H 

»M* 9.21^?t^0H 

*••* 9,on2bi^oi 

VHa b,7JbM.+U<* 

Vt's 7.flMHbt^CH 

v«s b.2?3«»IL»0* 

vfla 1.0000t*05 

VBs   1.0032E*05 
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Tablt6(Cont) 
LANDING GEAR REACTIONS FOR E-3 AIRCRAFT ON TEST SfAND 

XN«373.0 

*Mi»««k.2?39fc,*02 

HAs-/ei2f JL»0«. 

»N«573.0 

NG*«-»>.l«»*2L*o2 

MAa-7.27V7t>U«» 

*N«*>73.0 

MAa-7.3391t.»0«» 

•N»b73.« 

N6X«-l".t3«0t.*U3 

H*B*7,55S<!t.»\t<* 

Xft*375.0 

~NOXa"-3.2*b»L»03 

Mfcs-7, ;*.. t.k.^i»'» 

HHl*   335.0 

iiuVa   2«»9?9£>C2 

n>is    ;.18U3L*0«. 

•Ml«   335.0 

i«iiY>   2.bol6fc.tr* 

ims   7.2163t*»1« 

Hhls   33b.o 

r.„T»   3.36b«C.*0i 

irt.s   T*1*LH»V* 

rnla   33t.ü 

.it:   3.9»V0t*0* 

r.tia   7,"»210i.*0>« 

Hula   33S.0 

ii.rs   i.UfcH7L*i)3 

h-b*   7.7C«»9t.*U<« 

UlKf*   35.0 

K©2«   o.3*3*>C*03 

vAs   l.u205L«05 

Ulhf*  *»0,0 

•.62«   0.3721L»O3 

VÄ-.   l.o239t.*05 

ui**a  «5.0 

r.ola   o.3d43E>03 

jft=   l.«l365£*05 

Olf.f«   60.0 

i-W«   o.olldL*03 

VA=   i,t)7««0£*05 

oli.h:   00.0 

r.62a   b.*273fc>03 

VAs   l.i370E*05 

WR=    1.0069E»Q5 

vH =    1.0ll2L»Ub 

VKa   1.(11601 *üS 

VHa   1.03H0t*Ut 

v«;   1.0b59L*0S 
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Tablt7 
LANDING GEAR REACTIONS FOR E4 AIRCRAFT ON TEST STAND 

«^••.12.0 

*<»XS-l«»?V*k»C3 

HlA**i.7*/«t*v*< 
«?««•».»3**t•«« 

*N*««12.u 

«<fc**-2.3«»*5L»i 3 

H|As.l,tl>l7L»u? 
*2A»   1*?0%*L»GJ 

Nbla0.19d9t«t3 

Hl*B«l««776L*04 
*2A»   l.jatu»j" 

«ftstw.u 

«bXx-».17Ut«ü) 

*2A =   2.U10L»*»-» 

XN*hl2.0 

«•©•.»-5.27*71. »03 

*lA«-2.0*«»9t.»05 
H2A«   S,277it^C9 

XN*ftl2.Q 

5GX».9.je»2t.Aü3 

H2A*     7.5«lälL*LH 

«MsM2.0 

• «I«        t.O 

•uT<    7,i^iat»ui 

Nl» ;   I.««70£»03 
••«•••   t.iAi^Ooit 

» Hl*        t>.o 

••«It    l.ofc"»7i.»j» 

••l» «  l**9*44*ot 
n.f.t   •»•9*>9VL»<»<i 

t-nlJ 3.0 

'•ui:   l."»*»*2t*o.S 

hie«   1.30o/t*0t> 
M^ft«    -.J.*l«0l*0H 

•"IS t.J 

|**T«   1.09«:«>lO3 

Hlu«   l(4222t>05 
H*bS   7.02o6t»C* 

• Hi»       3.0 

M»T«  2.A9sfc£»o3 

«lb» ~l."w*>2t»05 
«kos   o.irtoul.u* 

PMl«       5,0 

Jitel»  *».25e6t*g3 

r*lMS   7,«107t«0H 
h2os   l.2S62L*0i 

PHIS       a.n 

NGX=-l.fafc07L+CH 

HlA = -3.0föbt.*05 
H2A=   I.b2o0t-*v.5 

.«ütltllxfl.  

N6X=-l.ö222L*u3 

HlA = -2.ü0b3k.*05 
M2As   2.o£7Vt«0H 

nwls   7.&7l2t>03 

MIHS i.l595E*0« 
h2e« 2.X27U*O'J 

 ±Bl*_*S*0 

1*67» 2.252b£*QJ 

hlb= l.ie07t*03 
H2bs 7.297Ht*0* 

oli.H   23.0 

1.6*«   «.Cll7l»03 

»IAS   • .<«.!*»£.t* 
V*:A*   jc.<*7*)5i*0J 

Ult.F»   30.U 

' b*«   2.tl'*9t.*03 

viA«   *.2J50C»0S 
**<*-«.«t.'«3t.»0«» 

wlKrs   35.0 

i-W:   k.Olo7L»03 

VlAX    2.«Ü9L»0i 
v<AS-S.<33lc»0H 

oii>s   *0.0 

l.Ul*   2.0231t»03 

VIA*   2.39-»7|.»0« 
v2A = -6.»305f:»0«« 

ull.F»   95,0 

N6Z*   2.'j2öie.*03 

VIA«   2,«bl3C«0* 
V2A»-1.2591t*0? 

UlhF*   60.0 

l»W*   2,b9bb£«0? 

VlAS   2.709l£»0* 
»2As-«:.«?27e»05 

W«2»   2.079Ht»03 

VlAs   i.lHo9£+05 
ti2As-5.«3ü3£*05 

UlKF*   25,0 

MiZ»   2.t^09E*03 

VlA=   2.5250C>05 
W2As--,.^bb2t*0<« 

ir2»«   1.203U*05 

»IP*   2.0C7pt4i'5 
»H:   l.«7UbL*u5 

vlH:   1.9*7ft*OS 
V**s   1.76«>3fj3 

vl«=   l,9fl05t*03 
v2"=   i.ic-ö»t»05 

vl«=   L,0S%*t*ti9 

Vl^=   1.59b2t*05 
v«:rt =   *>.099*L4 0*~ 

ViH=   1.1702L*U5 
V2* =   b.6]b3L«b5 

V1B=   l.7679t*0b 
v/24 =   2.211tl*C* 
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LANDING GEAR REACTIONS FOR E-4 AIRCRAFT ON TEST STAND 

m! 

• -«412.0 

"lA**t.l«7t»L*ua 
•»2*2     «.*H,i,   ,J4 

"2*s   r.J*7„L«v» 

«N«bl2.u 

«''»f.12.0 

»lAa-2.93.Ut.*wa 
H?AS   X.iTlo,.tr 

«*«M2.0 

NbXr-1 ,t,«obt ,.„,, 

«lAs-3.S7ot;L»i,b 
"2As   V.blibL»wj 

»' *bl«*.0 

M»**-l.d«©0t*C* 

«2Aa   <«.o." ?H»Ö 

«NSbl2.0 

M2As   5.6*1ÜC»0H 

NGXs-7.«»9-4i«L*C^ 

HlAs-2.30^3t.*t^ 
"?A=   b.JWbt»uH 

»•HI«    as.d 

• ..bra   -».VHi/i.iij 

••1B«   l.JOuOt^Oa 
• *.-s   i.tiuifci . ,« 

Pll«     Js.u 

r.uf*    >*.<*1»(|C*03 

' 1»    7.ob37t»C. 
»•*«•«  i.viiat»!,^ 

KHI*    3»,.t 

'»•IS       -J./tQJl,,» 

»•Irs   3. -»027t • ,,», 
'•..••s   l.»X2*t*0t 

•-•Us     55,0 

'-is    7.2964t>0i 

*o  s    i,85J«*t»'Ji 

I uis   1.2V/H+0H 

' 1.- = -/. 73J««lL«o<« 
"»••*   i.Uflbl«uS 

»"Is      Ü.J 

• o? =   2.3 0bbt*c» 

'•ir-s-^.bl^Ht^.ja 
K*i«S   b.io7üt»u5 

l-hl»     *5.0 

1-uTS     J..J01¥t»ll.\ 

hlii-s   l,1072£*ob 

uois   -».75*7t*03 

H^t'S   l.U6/li»03 

blNft   30.0 

'«&*«   «.31*21*05 

VIA«   <.b92bt»U* 
• **»••• 79t) «»t»05 

HfM   33.0 

'«W*   ».«•iJ'At.o« 

VIA«   ir«t)907i«OS 
v2Aa-..:>2'OL*01!> 

blf>3   <*0.0 

'•«•?'*   < .5Sb7f.«f>3 

HA»   i.ll93t«C? 
*>A*-.S.<»M«>2C«0«» 

tlf.fs   *S.O 

•02«   «r. 7Cfj«»i »o« 

vlAs   j.o7d»»E»0b 
V2A*-H,37U«»E»|J5 

Llf>»   bu.O 

M-7*   J.«51bt.03 

VIAS  <»..jjebE*o« 
V<;Aa-o,afloat»0t 

Ulf Fa   »u.O 

W=   «•.221bE*03 

Vl^i   ^.u-OfeE«»)«, 
WA = -l.b732t«0f. 

bii\-* =   V5.0 

I.I, >«      »      .  ..^.,r   . n » -•••'       * . w V •   '(.low 

VlAa   2.o2«»3t*05 
V2As-l.i30bt»05 

Ulf-Fa   30.0 

*•*>   i.72I5E*03 

WlAs   2.6357t«05 
V2As-^.i7eOE*05 

Hi**   1.602*1*04 

vl«*  l.*Cb?f»KS 

W2HS   !.7628t*0* 

Vl»a   1.1M21*C!> 
V2H»   *.752*t»G± 

VlPs   9.2i*7L^UM 

Vl'« = -£.2223l*u3 
V/H*   »,?bSJ£»Uä 

Vi«s-1.7t'7ol»05 
V2Hs   1.71*3t*0b 

VlH =   1.6A35t*05 
Wi**   2.52l0L*0t> 

WlBa l.*0O9E*OS 
V2«a 3.3bölL»05 

is: 
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• N«M2.U 

•»*««-1, o; «it »uj 

HlA»-2.5*o«,t »O 
I?A«  >».«»;xst »«•• 

«•»«feW.O 

N6«.S*1.*343L*I3 

«?As   X.3CUHC»V« 

• «•«612.0 

N6X«-l.bf*2t.*0.f 

i?»m   t.70«3t»t^ 

«N»bl2.0 

WlB-2.«»«J7o«.»fc 3 

"lA*«««,<»t-,:ot. »Ui 
*2A*   3.21t.7u*uj 

HlAs-b,«»Volt »uj 
*2A*   9,«t*9lL*C3 

NGKs    l«0TiH«4iJ 

"»XAx-l.-notft »JO 
12AS   l.7brtt»0* 

»N«bl2.0 

HlAs-2.Ü>UlL»C3 

H2As   3,S37*t*0'» 

"6X*   2.1CJbt»03 

HlAa-2,?2»it»0S 
M?A*   S*«,3brt*0>» 

•"1*      b*,.o 

N«»T*   b.*»7W£*03 

HX«*   •.«•2»*l*u» 
"..'*    X.3973C.0». 

••"Is     »t-,0 

*lu"   5532ilt»o** 
H«t»  l»7Wii.*a5 

•MI»    *b.o 

^•i:   X.0b*#bt*n.» 

rtlc«    *.JX20t»t>3 

''•«Is      b3..l 

Hles-1.19*>L*0± 
^*r  *    3,OftHbt»L 3 

>'"U     bfj.C 

••X**-3,4b»«»t*e5 
••«;.=   te,337bt,oS 

r'nl*      »5.0 

iJt'   J.i7o9t.g3 

'•U=   1.4*>7At+o*> 
*<!;r = &,«e2**t»o* 

••Ms      *3.J 

:.ut=   *»977B.t*ü3 

'•lcs   l.lll3t*Cti 

f.Ots   o.23U?E.0,> 

*lfs   •*.37dl»t»o<» 
«<bs   X.0022£*05 

wlNH   35.0 

Mi/«     X.bX*3C«03 

VIA«    J.vflitl'P* 
WA*-3.17"#«.E.0» 

U|»«M   «0,C 

NO*«   l,b0l9i»0S 

UA«   3.37371.0* 
k2*a*«.J395£*0*J 

uiU^s   «S.O 

i.^J   1.3o79t«0< 

»IAS 3.;JJ3t•ü^ 

olf.r:   eO.C 

••be"«   B.72»3t*C2 

vlA=    «,*U"t.*9« 
k^*««i.C'*>,H.»Gb 

ulNt*   aO.O 

,.o/s-7 .,« 3o7E «00 

VIA»    ».io2.«l'.05 

cJNfs   ^5,0 

N*.*«   X.7«:X2£»03 

VlAs   *.<»2t»3C.O* 

ulKt«  30.0 

\l>* =   l.S*»obt*03 

VJAs    c.SaObL.O* 
V2A«-X.«:7öOC*05 

OlNfs   35.0 

NbZs   X.«#<*9H£»03 

VIA«   4.b97«C*0S 
V2A = -X.9*j«*b£»0«. 

*XB«   X.2»X»l.uS 
v2««   b.3b»J£»t9 

vx«*  9.*M3l»y* 
«.«•*»   S-.32bSl>09 

tflH«  (>.*200t»O*> 
V«1"!«   b.»337L*05 

Viys-*.,3C3«*L»U'» 
w't*:    X.X^>ebL»tb 

vlt»*-2.S7l3l»y9 
V^»   .".ü-'in.tf 

wx«s i.eM2E»o9 

VXfl*   1.5702L.U6 
V2B«   J.lOOfJt.oS 
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XW*bl2.U HHi*   va.o HKF* »0.0 

NGX»   2.7»7bc*u3 

NlA»*2.H2'»9L»Ub 
*2A*   ».ufci7e.rH 

lN*&i*.Q ._.  

NGXr   3,«**7<»t*0J 

«lAs»2.oHo3t+Ub 
tl2As   l.lit«u6k »u*i 

«N3612.U 

NGXs   6.ie^0tti.i 

MlAs-3.Hfc70t*U1 
H2As ü.09o7t*C5 

*N*612.ü 

NGX = l.{i5yot*u** 

HlAa-«»,92falL*03 
H2A= 3.Vüo5L*u5 

XNS612.U 

Nbxs 1.15b?£+u3 

HlAs-l,7**t*t*G3 
riaAa-l,UVUit*(»3 

Xfc=t»l2.0 

NGXs   l«bfrM2L403 

MlAs-l,ft"fo«»£*Q3 
H2A=   S.-ttfaSt + ui 

*NSfel2.lS 

NGX=   2.2bülL+0i 

MlAs-l,9HlHt*üS 
M2A=   l.97A9L*0H 

XN=612-iO-._.-     _._. 

NGXs 2.95o5E4Qi 

HlAs-2,0«iÖbE*05 
M2As   3.27b7t*u* 

M.T*   ».1380£*03 

Ulf*   7.37<Jb£*ü«* 
hit»*   1.2393fc*0b 

 fcHl*_SStU   - 

r-l.is   3.U19E*K<4 
H*u«   l.b«79t»0b 

Hrtis     95.0 

IK- = -i.2ft79E*0H 
n«('s   2.b03bt»Ub 

HMl=     9ä,0 

-bYs   3,*b5ü£»0'* 

nlt-s-l.e>221w»0b 
n*n=  1*.273«»fc»ub 

MI*   12b. 0 

I.GT*   ü.lbüOL + üi 

Hlh*   l.«»2ölE»0b 
n«'i*   H.16dOE.4a>* 

»-Ml*   1*5,0 

l.&T-   3,110Ht*0^ 

hliis   1.35b«E*05 
h*us   b.U280E+OH 

PMls   12b.0 

l.oYs  <T.233bE*03 

HUJs   l.*716£40b 
Hirfs   o.0206i.*0H 

  P«I*_ 125.0 

M»Y*   S.S29St*tf3 

hlü*   1.1737E+05 
h2H=   7.1bb,•£•0,• 

NbZ=   i,2795E>03 

VIA*  2.bbb9E409 
V2As-2.7Jd3t405 

ojr.F*.H5.o 

NGZs   i,o«70E*03 

VIA*   3.Ü3d9E*0« 
V2A«-a.b2U0t*05 

01NFs  60.0 

rG2*   3.73"»5t*02 

VIAs   3.77U5C+05 
V2As-t,o9ö9E»05 

Ulf> =   80.0 

MjZ=-o.*b03t»02 

VIA*   t.U3b7E»05 
V**=-i.*72ttt«0b 

tlNFs   25.0 

I-G2S   2.U621E+03 

vlAs   2,2?3»£*05 
V2As-l.u29u£»0«» 

ClM^s   30,0 

*iG2=   2.U676E + 03 

VIAs   £.330**E*05 
V2As-<».10«ibL40*» 

UlwF*   3b.0 

fvG2*  i..H76£*03 

VIA*   Jj.3977E*Q5 
V2As-7.73t9£*0«» 

0INF=   '•0.0 

KG2S   2.1523E+03 

VIA«  «C.H75HE405 
V2As-i.i926E*05 

VlHa 1.39»6E*u5 
V^P= S,Sb73L*05 

VIA*   1.195tL*ü5 
V2H=  H.736HL*Ub 

VlHx   •».S796E4UH 
V«B*   7,9569E.t0b 

Vl«s-b,5336E*p«» 
V«!6 =   1.3b82£*u6 

Vl8= 2,0355E*ob 
V2Rs 1,2?61E*05 

Vl8s l,9878t»ub 
V*B= 1.5035E*0b 

VlRs 1.931«fE*u5 
V2*s 1.8311E*üb 

VlB* 1.8663t*ü5 
VÜ8= 2.2096L405 
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«*afcl2.«> 

*«•*•   3,7«<»*t*l>t 

NU*.*,|Tvitt »u> 
«2Aa   H,nHt»ut 

«•>•*• W,0 

»lAa*2.»>?tJ5i «O'I 
Hi*»   i ,i>2i>»i •„:> 

NU*»    1, I* JHl .»"» 

NlAv-A.wiVwtfl »U*i 
N2Aa    l,V«4%t »t*» 

A«at.W,0 

«l»i.l,^il5| •vn 
«2A»-2, lt.J4t *{ <* 

«NsfcW.u 

**.*«  *«t>?t*Mtul 

nlAa«i,*pi»»t»m 

•*»»*l?.t» 

H»A«-1 ,e»i'-»tU ts.» 
H?Aa«l*V«<l*t.*iM 

Nb*a    1,9M»H|, »02 

N2Aa-l,»p»?t*i>H 

• Ml«   US.d 

Uui»   »..s^ttit »oi 

Mil.«    l,U»2*t*0S 
n«:i«a   (*.•»««• ft »u* 

nt|i   I2>t0 

Null   1 .<:•«•* U »0* 

Mli.»  ».il^ni.i 
"»!'»      I,i^»ttu5 

rn|a   125((| 

»ITS     .'.ilUtMIH 

• <1 >»-/ .»iSfcUt »03 
••»•*» it,iSffVt»öt 

»Ml»     1S!»,J 

iV»a   k.-<«iJUtiJi 

-•<•.»   4,,^<H»V* 

•»His   iS»a,ö 

.»Via   *.2»»«l*0k 

•uii*  i.a»oit*üj 
»UM«    «!,2H 3»»t »0*4 

»«I«   ISS».») 

MM fa   »t»tf7*i»t»l 

»»*•..« <*,iatiu»t"i 

•V»'T»    »*.»#»,»t»0i 

ulna   J,3*#ift*03 
I'if.   ^,21«»3i*o«» 

wuts   *.ttPü3t»iU 

UlKFa   «•»,!) 

M*f«   «Vl»tM«tfS 

VlAa   i,5»J5.l»0Ä 
Vi A»-i ,t.t. 'fct»05 

Klt»>a   kQ,0 

i v.»»»   ... 33721*03 

lU»   t'.tid *»».• 0*i 
y2A*-4.«2rtE«0* 

ull>>   ttll.l) 

vlAa   i,H/J0t»US 
v*As.B,,at>THi,»o'» 

viKf»  2!i,0 

f.t»2»   1.339*1*03 

vl»»   c*l>31t*g* 
v.•*•-»* *.oi»«Jt »o«» 

wlMa   30.0 

Nu2«   2««alttt*C3 

VlAa   «,,l»72f «Q9 
».'As   •>,**«• *t »OH 

olhfz  3*,0 

U«'   «:. li»2Uk »O*» 

UlN*»    «»0,0 

M>2*   2.»S32t*03 

VIA» 2,t»7Mwt» 
»y^^»   S.D8SHC*0'» 

ul'feM   »»,0 

NU2»   3«U/e»t'«09 

VIA«   2,l737t*0* 
V2A» <t.es*»n*o«t 

yl3a   1.79251*0* 
V2H>   2.»3ft3t«o3 

Vl**   1.3im*U» 

vlHa   1.0333l»u3 
w«:»3   f,()MM«i|9 

vina   2»4**3^t*v9 
V<Na   i.SJ2ftk •d>» 

VlHa   2.1H3*tk«0» 

V-l"*   2,lt»32t»u5> 
V«.*«   !>,91021*0* 

vl*»   2,1929t*05 
VtHs   «>,fl9ME*0H 

Vl«»» 2.«H27t*05 
V2Ha 5.8WU0t*UH 

B5 



Table 7 (ContJ 

LANDING GEAR REACTIONS FOR E4 AIRCRAFT ON TEST STAND 

WOK» I7*si»t»öa"" 

M2AS-1.M1l»L*C* 

«N.*bl«.0 

MbXa fc.«!?ulL»W 

Hl»»-l.fef»¥L»t1 
H?Ar-l.lCiJ«.«uH 

««•»».12.Ü 

NhA* l.Ü«««l»Uo 

KlAt*l.«t>7*b*irt 
n2As-3.b*>*M.*U4 

«.Na„i2.i< 

NbXa l.S7.»<it*u} 

HlAs-l.J'?<»it*i.n 
H?Aa-H,3*>At H'4 

XN«*12.U 

M>AS 2 «1422t 4 (1.1 

H2Aa«5.ift«<.L»0'» 

XNSf12.U 

NbA* 2.7%7*JL*UJ 

HlAs-1.2t)<JlL«u-j 
H2A=-fe.JJ^lL+ü« 

XN*M2«U 

NbXa 3.&«»llu»U.t 

MlA*-l»15»ftU*U'i 
M?Aa-7,HlU0L*0>* 

»fc*bl2.U 

NbXa b.ü«»5i,u»uJ 

HlAs.«,23«7L«U«» 
H2Aa-l.l*»01t»U«J 

»-Mi* lbb.0 

KÜ** i.70»7t*Ö2 

nit,*  i.t>8fcat*or> 
H2di«   2.13a**t»04 

P.Ml«  ISb.p 

III,* a   J.U3«U£*Q«! 

hlns  i.SBiitn^ 
»-ct.« *.U2*2t*UH 

rhi«   i*b,(» 

,br=-^.ü5lot*03 

r»l»i*   l./H3i(.*0!> 
M«J»   H,ü735t*0i 

t'rtl*   l«b.O 

LuTa-i.^b^bE*.}.* 

r-los   l.HlyUL*0* 
» <,.**-«, l:&79t+&4 

Mil«   IbS.ü 

•,u»*-"*.«2ibi;«aj 

i>tl s   i.eii^it »üb 
t'i-MS-l.JfiOfetio* 

HHlK    iöb.u 

hi»ta-;»,2S<?i*0i 

hll-s   1.96Ubt*0b 
h*ts-2.an»t*o«* 

HnIS   löb.U 

i.uYr-ö.bH79E»03 

hltir   J.UB**Ut»0S 
hitta-4« /ft49E»0H 

»'Mia   löb.O 

i»ur = -l.iöi9L*nt 

»Una  2.Hb7«»fc*0b 
H«\;>a-o.H9*3fc*Q«» 

UINF«  tO.O 

M»2»   3.41«2£*03 

VIA*   <,19»9E»0* 
V2A«   j,^9i>a£*n<« 

UJt.fa   ÖO.0 

NG2a   s.J^feE^OS 

WSA3   ?.^.jalE»o* 
V2A*   *.H/2bE»0H 

U1J.M 2a.o 

r*C7*   l,9b*3E*03 

VIA*   /,(tbS7£«uA 
V *.•*.«   l«U2bl*0$ 

blNF«    iO.O 

f'fe/*   l.»»2#t»03 

vlAz   i,Oil3L*0! 
v :** i,ob»tt*o? 

UlKl-5   3b. 0 

ho***   l,»i-lbt*03 

VlAa  l.*9U6E»0b 
V?A =   l,t>2d*E»US 

LlKt-s   «0.0 

t.6/a   1..VUOO03 

VIA*   l,**37C»09 
V?Aa   l,S«»45t»0S 

Ulr-.M   »»5.0 

A,bZ*   l.a»7HE*03 

VlAa l.ö9USE»05 
V2A* *,302öe*05 

NbZs  1.79b5E*03 

VlAa l,o933C«05 
V2AS   d,b3U7t.«09 

V1Ö»   2,m?E*Ub 
V24a   S,a20bt*U» 

VI«*   2,13ML»US 
ViH«   5.7l5lt»UH 

VlH =   ?.2<t76t»0S 
WB*-fe.Hl56t*u2 

Vlfi*   2.2933t»ub 
viR«-«. 71321 »0«» 

VIP*   2,J«*72L+03 
V2«*-S,«i'»3*E*ul» 

wie« a.«to%Ht*i/5 
i/^8s-9,M56lL*0«» 

Vina   ?.«»aot.*OS 
w2«=-1.3»b0C*0b 

ViB*  2.7«U3E*Q5 
V2Ha«2.«722E*u5 
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w i 

~NG*«   lVtl92tn>* 

HU»«2.2nOL»0«» 
M2A«-l.fc«»*t.i.»03 

»N»«12.0 

"*A«-*.b'»:>t;c»0>* 

»Al»«12.0 

*<•*»   t.OÜTtuM 

•MO**   rf.«.b3yt*üJ 

HlAs-d«?H«Ut »OH 

NttÄI    4.22u«M.»Wl 

HlAa-H.ü7iSL»w» 

*N»bW.O 

"**• T.«"n»t>t*i' J 

HlA«   b.l3?St*vH 
M?Ai-^,7lHüt*03 

NttA«   i,^öo3t*üH 

HlA»  2.190«t*Ob 
H?A«-»}.fci,77tfüa 

H«l«   Ub.O 

Hin«   i.l»ötot*üb 
*..ii«-l.*.«Mt»or> 

•»Ml«   *Xa,y 

*ll>«   1,*932C«09 
»2><«<-4,197H*0» 

H»I»   rflb.o 

•^r«-H,b93*i*ua 

»»!«•  *»HiH»0S 
•U««»-«».10tt»l.»o»J 

•••••IM« 2.3ourt*,j9 

»Hl«    «U9.0 

*!>•   2.91t>0t*C9 
t«!" *»•»,« 77(1«. »u« 

••nt»   21b.0 

M.T» •l«0£HfcL»o** 

••in«   2./b-»lt»i)i 

•*rft'»-l.Ä0Mt*0b 

••HI» 219.0 

M»l»-l,ö2Ut,*ü<t 

Hin«   3,k7böt*0S 
f>2i*a-<.3272|>o;> 

KMI«   41%t0 

Nb»«-3.23«3e*oH 

Hlö»  9.2*«H+t)b 
H4b«««,3««»ttt>Qa 

tlNF«   60,0 

N6I»   l.n5<*«C«0S 

VIA»   l,342«t«09 
WA«   b.*9l3t.»0* 

UNfa   «-5,0 

«*«»*»   Ub0to*t»03 

»**•   t.»lt«C.*Q9 
V«»Aa   l.«*»b0l»09 

*.H>«   3t>,0 

MM*   l.<mH»03 

VIA«   I.t,fbHL*0* 
V2A»   2*»V2^t#oS 

OU.f»   3b.0 

M»/»   »,22*»£>Ö3 

VI*«   i»90Jit*0S 
WJ4« 3.3*g«n,#05 

ulK*»  »0.0 

r»2» y,ub0it»02 

Vl*«   l,3U7t*0S 
w«'A« ••,iao*t*o«s 

b|Nf«    Hb.O 

•W«   7.1\äU»«2 

VIA»   |.p»«lt»Q8 
V-'A«   b,J32»t*0» 

t'Ifcfa   bü.O 

VIA«  2»7M*i«9* 
vJA« a,»bm«os 

UlKf«   «0,0 

ft>U/*1t«fcfK««9 

VlA«.|.tri9C>09 
V2A«   l.H<»44E«0li 

Vl*»   3.J0»0l«o9 
V2H«.b,b»*4it»(,b 

V1H«   »,Hb3fl*oS 
V2H«-*.3»>»«ll*0b 

VI««»  2«»0««t*o9 
v^n«-i.m.5n»ob 

V4<Ha*2,210t)l »09 

V18«   *.1>2«»«.*o5 
V2Ba.3,0t93L«u9 

VlH«   3,lTV»t*o9 
V«"<»«<«,0«»2*t*i>9 

VlH»   3.«399l*ü9 
V2H«-7,«9061*09 

VIP«   9.Mr«l*Q9 
V2P«-l.-*0fc"»t*Ob 
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N6**-*.7b39t»t2 

*-Nsbl2..0 

*N*t.l2,Q 

*B**-7.J>13t+02 

HlA=-5.bGbOL*U<* 

*Ks<12.0 

HlA=-2.3<UfcL*0«t 

**=bi2.u 

*Nabl2.0 

NGx=.2,,t^LtvJ 

«2As-4».ütybt*ü-5 

"lAa   3.6*b2t*i)5 
H2Aa-7.u57bt*0i 

^A=-1.9«bOL4c3 

H2A=-a,27bHL*0H 

Hi I«   **5,0 

M»ra-i^7Ö3»£^i 

hl"*   <.1796E«0& 
»Vns.H.bOHOt^OH 

- J*Hl«  «•«•&,o 

•"l»Ys-5.3332L»ü3 

^Iris  5."»3lb£*ob 
'*cs-7,b3*bt*!>, 

'.0\rs-7,25^Üt*P3 

'Ueis   2.74;>1£*05 
hi««-i.I2llE4QS 

f-Hls   2H5.0 

'•iTs-9.H612t»04 

»Uli*  3.UeS3t»ub 

H«I= 2H«,,n 

Nb»s-1.20UUt*0<» 
hii?= a.*ei2£«ui) 

Hilx   «<••,,0 

'»V»7s-2,1333L*C.H 

»Ut?s  «.9541L«C5 
hJbs-i.73bfe£*üb 

l-bVs.o,79ibt*ÜH 

f'lbs   7.b679L + 0b 
••*oa-b.e2<UL*05 

-fat; 275,0 

*4r1*-2.tt7U+»a 

*lb«  *.U*76t*0b 
H2bs-i.6223t+0H 

OikFs   25.0 

VIA«   l,b»00E*0* 
w2As  2.7«*a8E«.05 

Wf,F«  iO.Q 

*Wm   I.ö3ü2£«03 

VIAs   l.Hlb3t*05 
V2As   3.69bl£*0« 

bINFs   35.0 

'•*/*   UA599L+03 

«la*   l.X5o3£*05 
viAs ••.öibat+.o* 

"«2*   1.1»1«»£*03 

WIAS   e.b397t»0tt 
V«**  «>.10?b£*05 

CiLFs   »5,o 

*.*•*•   9.37«*5E*02 

Vl*s   b.ll32t*0«» 
V*A*   7.t>716£»05 

WWi   60,0 

,b2=   1.07b3£*02 

VlA = -7.b8«*9t*o«» 
V«>As   1,29984*06 

cUTs  60.ö 

'V&Zs*1.3676C*g« 

VlAs-3.0159£»05 
w2As ü,2b«*<*t*06 

Ulfcfs 25,0 

««• 2.2S36E+03 

VlAa i.b7X8E*05 
V2A= 2.5196£*05 

VI«*  2.7ta9E*05 
HHs-l.6132£*05 

V1B*  2.97l9t*o5 
wiHr-2.5£5lt405 

HBs   3.2709£*05 
V2«a-3,7337t*Q5 

VIBs   S.6159E+05 
w^Bs-s.0590t*05 

VIM*   1.0069U05 

V18= 5.M559L+05 
ViH=-1.2i27E+06 

ViBs 8.0319E*05 
V2Ba-2.2023£*06 

VlBa 2.6157E+05 
V2Bs-1.3o30£*05 
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XN«M2.0 

N6X«-'2.«3iit.«wi 

HlA««>*.7£09t.OUH 
«?A«-l.Q*i3t«Gb 

»N»*,12.u 

HlAs«fe.l73«-t.*wH 
H2A5-1 .moM *b5 

**«f12.u 

Nbxs-?>.03401 «uS 

MlA«-3.1««:,7t.ob«» 
M?As-l.7tiiutLS 

XN=hl2.b 

NbXa-b,3fc,»,»t.*0 3 

Hla=    l.b«uOL*ÜA 
«2Aa-2«l7ilL*Ub 

XNS612.U 

NG*s-1.13«4L*b« 

MIA»   l,2b*«*toü5 
HSAa-doOt'^at.ol;'* 

KtWftUMl 

N8Xs*£«ttl42t.0tt* 

HlAa   3,HSbiL*<)5 
rt2f, = -b.i*3bL*0b 

XN=f12.0 

r«GX = -l.fe31<»t*04 

HlAs-l.bCsfct.oub 
M2As-*».b3Jbt.oo«» 

NGX=-2.b373L»l>3 

HlAs-l.33u0k.o0b 
naAs-SeSSiat^o1« 

HHI»   275.0 

Nb1s«3.3370Lo03 

MH»   2.306b£o0b 

Hhl«  27«,,o 

Nuts-H,b<*-!lt.*o3 

hlhs 2.36HlL»0fc 
t-«:f a--*,*b73loOH 

l*Hl* 27b.„ 

M..r*-5."<3*bt*o3 

Hits  2.8bl9lo0b 

Krtl* 27b,(. 

r CT=-7.S0öHLfÜJ 

hits   3.19'»bt»0t 
hrfi-s-i.eHHlt»cb 

f'Mls   27b.ü 

Ni»l=-l,33H0i*uH 

• 'Its  <*.HSU«»it0b 
h*öB«3.X7lltoQL 

> rtla  27b.u 

i'6Y = -2#3730t*üH 

Hias  b.67H2L*bt 
mns-5.ttlHftl.oob 

»His   30b.0 

^bts-ö.o7H0C*üw 

hlkis   1.7b9t>t+Ub 
h«;B*   1.72öbt*ü3 

 Hit»   i«8.0 

UbY8-1.277ttEoo3 

hia*   l.OHöOt+ob 
hiü=-7.b373t*03 

UINfs   30.0 

M»2«  2,b0b7Eo03 

VIA«   l.bb»ütoQ5 
W2AS   3.3bblt*0* 

blUfa   3b,Ü 

Nb*a   2.b520to03 

UAs   1.<1OSLO05 
d2A« ««.3b»bE:«Ob 

UlM-'s   «»0.0 

rb2s   2.7l97Co03 

VIA»   V,3523EoOH 
V2ft*   'j.b2w9L*0b 

ClixF»   Hb.O 

t'62»   2.90*71.003 

Vl/>s   fa«lHl7£*0b 
V2As   t».«l2*2LoO? 

UlM-'s   bU.O 

l.b^s   3.bli?t.o03 

VlA=-b.7bo5toOH 
V2Aa   i.io7BE«0*. 

UlfeFa   »0.0 

hQZ*   «,cto7l o03 

VlAs.2.fa9ü9e*Üb 
V2As i.ü2*m*0fe 

Ulf.Fs   25.0 

t.O<!=   2.12Ubto0? 

VIA«   <>.0luHEo05 
V2As   1.33H1LOUS 

blNF=  30.0 

iMbZ* 2.i717L*03 

VIAs 1,95161*05 
V2A= I.b590£o05 

VlRa   2,«232£*o5 
v2H«-2.l38bfc_oOS 

VlRs   J,0f.»bL + üb 
v2Rs-3.125oE.o0b 

Vlfla   3.3515lou5 
V2H=-t,?bS0L*05 

Vlfla   3,6723L*03 
V«Pa-b.b5bU*0b 

Vina   •».86101.005 
V2«a-1.03»lLoU*> 

Vl«a   fc,97H3to05 
V2rt=-1.8f«*7to0b 

VlBa   2.273H*05 
V2H*-1.028U*0<* 

VlBa   2,330««too5 
V2«s-b.lOl7L*0H 
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KNBfclZ.O 

*2A«-*,7Pb*t»o«» 

..At'"bl*.i» 

Nf«»--».blvbc«cj 

*Ua*m«t*t»r5 
«2*«-«,ut IKHI 

H2A«-5.b">ui.»0'» 

M>*«- i. «• -t«,t «tf« 

HlA«-b,<»tb< t  »UM 
*2Ax-l.t»rt,9t.»i:< 

ita'MS.O 

HIAs   Ch'-jOc^U* 

WMfcWM 

MlAs-l,b9iil n,., 
M2As->'.H37bt.*J»» 

HlAs-i.bVl2t*UT> 

HlA«-l,b912t*Ub 
M2A«-2.b9u2l.>Q.. 

*»Hia   305.0 

-vbYi-l.fjVJt+o.a 

"If*   l.9«»olt»ü5 
"..I • = -l,d«.öbt*üH 

l-ril*   JUb.U 

• 1'-   «.',u»»< ?c»Cb 

t»lj*a»«:.d7b2t*d,S 

»•it.s  2.ibSrt*0b 
"*.':.a-*».bHH3t»0»» 

• .».T--a.Ul«»l>u.S 

I'll =   *.blbbl*(|J> 

f'il«   305.(• 

.»1,1 =-y .uöhVt viii 

»'Xi-s   3.«#17Si*oii 

nils 335.0 

'irs   l,61äbl#ub 
"res   2.1b92t*0H 

Mil«   33b.3 

f l»Ts-l,5*7UL*nj 

I- lh«   l.b2oHt*US 
*»*lt»   «M06bl>u>» 

Hll«   335.0 

f.urx-^.ibUit + ul 

*lH«   l.b39lt*0b 
h2öa   2.u«-'»Ht*0»* 

OUfa   35.0 

'•W»   Ü.2M2t»«l 

vlAa   l,0«22l*üS 
V2ä«   2.0»»30C.(,5 

C1M-»   «*0.0 

M».f*  2.3ul9C>03 

VIA«   1.OO«1L«0« 
V2A*   *.ibfOE*0* 

LlM-a  «»3.1) 

»W«   **3f»l0t*03 

VlA«   1.71131*05 
V2As   *,96ö2L*05 

Cll.t-»   bO.U 

M»Z«   «.to7.J9LtO." 

VIA« i».dr*»rc*05 
V2A«   H.*»t9lL»>05 

Ulf«»-* do.o 

»*b^a   3«19«7L«03 

VlAa   7.7b«»«*C*0«« 
V2<»a   fc.lb73L*Q* 

Ulr.fa  25.0 

ivC./a   l.o30üC»03 

VIAs   2.15li7E»0« 
V2fls   b.H90U.*U<* 

Uihfs   30.0 

M»*s   1.H7«.9L*03 

VIAs   2.1bJfet.*0!» 

UNfs   33,0 

'W=   1.2bb*»Lt03 

VIA«   2.15711*05 
V2A«   7,0ö25t*0«. 

vlH«   2.J977L*05 
V«.0«-7.7?3Al.*c«» 

vl««   2,n75«»t»>P5 
V«.H«-l.l«»25l*ö5 

VlH«  2.5t35C+b5 
V«:Ha-l,6h7»»t*yb 

VlB*   2,«o9«t*u5 
V^Ms.3.H?7(.t«v5 

t/il»a   3.H700t*u5 
V2««-b.«5b«»*u5 

VlH«   2.17021*05 
V2«s  5.5256k.*o«» 

VI««   2.1«ift*05 
V2H«   5.33t0t>0<» 

VlH»   8.1955t*05 
V2H«   b.ll20t*ü* 
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*N«fcW.U 

r«tA«>l«&*l3l»(,V 
H2Al-*.ftt!,rftot •C* 

M^A»-^^,7*>>•».•u,• 

«N**1?.0 

NbXc3,6i'7M.»0J 

HtA»«l.r>«UHC»U* 
M2A*0,1V*U *V* 

Hl«*-l,*yiM.*til3 
».'«s.^.söiili »u» 

» bV«-«:.«2131*01 

HU,« i.*ai*t»ot 

»Ml«  ij'j.g 

i.i*r*-J.b7u?l>i)l 

• •!;«*   l,k7(|Ht«0b 

lit«  33a, o 

l.l,f*.«,3W»t*l»l 

HI i«   1.72211tOb 
»«:»•*   i,3?UU*UH 

KMl«   AJ'&.N 

..bt*-1.12«tlh«0; 

Ml«*»   l.OHl7L»0> 
1 ri"S    l.ÜbHb(.*U** 

btKM  «0,0 

Hi?»    l.üfcbfct«03 

VIA*  2«l*12t.*US 
V2A*   7.3227L»0* 

U1NF»  *b,9 

M»**   tt.l7*0t<02 

VIA*   *.lt%7C»05 
V2A8   7.bd37C*0« 

l-lftf»  feO.O 

Mj/«-1.0S«M*OJ 

VIA«  d.imill»05 
V2A*  S,o3l>7t*0b 

tUh=   00.0 

Ul»ü«-l.7Hö7E*03 

vi'* *,«il*bCvö* 
V?**   l.l<»22t»0?> 

VlBs   2.2112L*u» 
V<*H*  ».8S3*1*0* 

VI«*  2.229lt*0S 
V*«*   «.9»0!kt«0« 

ylH*   2,29V»L*0S 
v2Bs   3,<47«*f.*0« 

tfl««   2.H131L»05 
V2B*   1.5«*H7£.*U« 
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«tfrXa-l.*2*&t*l<3 

**«*ia.u 

*hXa-i'.4'»bM »03 

»Aa-l.b««7L*t» 

xtaa*l*,0 

HAe-l.d«i*t.»U3 

*fe&*12,0 

NAa-l,**77t>09 

1*1*12.4) 

*GXa-3.27*7L»03 

HAa«i«t»T»%L*0b 

«*«*12.u 

*GAa-*.3eb*t*u3 

MA3*l.3**ot»«5 

INS*12,V 

NGXa-l.b*e7t»ü4 

Hft«»l,le»o9L*b3 

«««»!?.0 

NGXa-l,i«2*?t*U3 

XNatW.O 

N*Xa-2.*2<»0t.»t>3 

XNS6U.U 

N6fta«a.»7190u3 

HAa-i.i«K2fc>Ub 

X*«612.0 

HAa-l.2t.ait* 05 

«N«tl2.ü 

P«|a        3.0 

i.C.ta0.lH*7t«u3 

Mnt   i.b*3*t*J'j 

HHla       •>. j 

r«GYa»**a3!>«i«u3 

Htia  l.AV**i.*cb 

»Aa*l.i74tt«ub 

Hhs   1.72*at*03 

•>*Ia       s.ii 

NGTa-e-iäGAH^U 

I1H«    i.7fc'K»0:> 

••Hla       b.u 

« GT»-l.U«U3l • <>«» 

hb«   X i«12it*<'ti 

»Mla       tf.it 

Ub1«-l«>»l*«i.t<Ht 

nb«    l.*7b7l*io 

•r»Ia        s»»J 

KuTa-5.22Sifc*0H 

"!'«   * i<e"*^t»ui 

MI«       A5.lt 

IM    1. f«yt't*U;> 

Hlla     *to,(> 

i\.wY*-1.23W!>fc»iiH 

lib«    1.0l«*Jt»t3 

Hhla     Aa.0 

nita  i.ü9iat*ob 

M.t**2«22ait*i'*» 

Hn«   l.V6Üt>t*oa 

KHla     do.o 

liOTs-i.diabt»üH 

Mrf«   *.u»l»t»0*» 

VAa ;ot)%AL»0» 

Ulf«*« iß,0 

*ü2a 2.«32at»0 

V»a  *••»«*«£»fl* 

ütitt«   35.0 

fvw*   2*a2<7C»0«i 

VAa   <f.3*a?l*0S 

uifF» Hu.Ö 

r.r>2a ».uUttt+tf« 

VAa   «.«tt3t»L*0? 

Uli.**   tb.ti 

Ibi'l   l.**77t«0« 

*Aa   ;',1ö72C*05 

gjl+s aw.O 

i-W«  l«>»f«•*,*«* 

vAa  i.«**H*l>3 

wiM>'a ftO.u 

*tf/a   i ,ö«jU9t*iiH 

V*«   l.i'>*7fc*0* 

1.1.1*«  25.0 

fw^i   *.U727t*0«* 

V*a  <..4(IO7L«(,S 

Ull.tX   iU.O 

fc»»a ^.u77<#t*0«» 

«Aa  i.«!753lL*0* 

Llf-l-s   3b.0 

'•Li«   «.ü6HDL*'J<* 

WAS  ?.ltl2t>#"> 

ulltc«   «J.u 

,-G*«   **tmOl«0«» 

VA*   l«*Kb5t*0b 

btrft '•b.o 

Mi/a r, o94ot •(»•» 

v»s   l.jll2t«w!> 

V««   2.I2»AI>QS 

vHa   2,ltO*£*uS 

¥»a   *,0ti57l«OS 

»Ha   3.11571*05 

V*a  3.?«0H*G» 

VHS   3.7C*U*ü5 

V0a   H,«-?3U»0S 

VB»   <.9Jltt«U& 

VHa  3.057?t*u5 

»n» 3.«?va*i*u?< 

VHS  3,!7G7t*05 

V'l*   3,*70*t*0b 

142 



«»»•Mi, a 

TtWt8(Com.) 
LANDING GEAR REACTIONS FOR E4 AIRCRAFT 

(3 GEAR APPROXIMATION) ON TEST STAND 

*A«*2o07a<.»w<» 

«i*A««av2««H*ti2 

XN«412.,, 

«M»»«-7.«»*«»%t»urf 

'»«••liJWiUfli 

•»«»12.3 

MA**i«2T»3t«in 

>*«»12.u 

«t»X».l.43«4t*u4 

Wl*-l««.*«»2t*tf4 

«**»l2.g 

N6Xs-2.99;6i«uS 

XN«C.12.U 

MtXs«S.3?^«L»04 

HA« 9.4fttlL«v3 

«N«*12.0 

•HiX«  1.07d4L*u4 

HA«-l.«7«5t*w5 

XN««12.0 

NM«   1.5«»&5t*li3 

»•«I«      49.J 

• Hi»      %3,,; 

•'f.« i.77**1*1t 

' uf**l.«d7H«u* 

»••« 1 ••$•*«». *(j«.. 

»•Mi«     fc»,t. 

«>»1«*l,<»l&7t.«-)<t 

• Ml«     fct.j 

.vVI«-«{ • »*)**«.•.,t. 

PHI«       b&.u 

•»»« «vl7i7t»i>- 

•\toV««a.a^'»yt«vi« 

»•Hi«      »3,t 

HC»«-i,üouyt*ut 

HM»«     *!>.U 

MjY»*9»S6l2t*|i* 

r.|>*   l,7g<»lt*0t) 

*»;l«   *s.o 

WHt«   «U.O 

t.»£u  .,UUt><j^ 

VA«   »,5iH^t.*U* 

1II.F«  Äb.G 

r ../•  i,a94et>u« 

VI»   «.4bA6«.«C 

i |i>»   40. (! 

1 «•'•   «<0!jUltL*(><* 

»*•«   c*V4'*«l • *»•. 

til-*«   3I'*,C 

v.« • •»7«yt«(.*> 

.»•<»   rf.U«tfM.«0« 

<•»«   We*??*to** 

bit>«   *t>,u 

i.ö/«   c,t,4/bl'»i>«t 

v >«  l.o<tb<:».»uf 

ill.»«    hu.U 

».»•/»    ».Ml »•»!.•»)•* 

»•'•*    l».hl>3c»c«<,<- 

LihM    Ht.U 

i.o*« i.vft/n»o'* 

VA»-i.bo/2140* 

LI I,Fa    rfb,C 

• W«  < ,O*«U<*E»O<* 

Vts 2,4666£«09 

cti.^* 4b.0 

»**»  <*\;*14F.>0<t 

"WA»   *'.«./* St •((*> 

v«»  SH7|i*ut 

<•««   2.«»7|t*ub 

»•*»   J.0*»47L»jb 

**»   9.2*>»2l.*u» 

V«*   3.i»««15t*oi> 

V*   3.6<*r7t«o» 

VH* *.«as?t«v$ 

V«   5.8?h*»t*u5 

V«*  a.«78lt*tb 

Hi  «.^71«»t •oh 
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R*«*tt.O 

•ttaa i.ie4*t>ua 

MA«-l.«#3t*«S 

«H»«ia.u 

MfeX*   2, 1*1*1+1* S 

HA«*l..:+«bL*G^ 

•N«bl2.U 

Ufaks   A.H7r<*L*uJ 

MA*«1 »It«! •»«.»(.•) 

• N«üW.O 

»M»A«   fe.U«Ut*l3 

HA«-4l»aS 3* (.•»•• 

A«»#.12.U 

rvtiA*   &(«<V*ut«tJ* 

HAa-4*«:v>*t»t* 

«'»•fexa.i! 

«MiA«   l.Ltb/L*U<* 

HA«-l.ii«*?t»u? 

XN«fcl2.w 

fc<»A«   l.t>**2l.+l>3 

HA»-i.»«fTt*tS 

*N«*12.U 

NbXs   2.20lL*i»J 

MAs-l.*t>u»>i.»t»'> 

XN«612.U 

NOAs   2.«£»!>(.•€ A 

HA«-l.*17?t.*03 

XN«612.ü 

WMt3.7***fc*03 

HAs-l.jfr*lttUb 

PHI«     »ft.« 

NbTB*i.o*»syt*OH 

«»is   l.«UA*L*Ut» 

>•*!«     Vt.O 

«.Ul*»A»*2««fc*«l* 

cm   l.tt439t.«Cb 

»•«I«     »t>.0 

..I s   l.l»Äbrtt»vt- 

Hills      *3.i 

«1 ««•J.ailHttt.tU* 

. .•*  2.1*«»»t»eS 

• *••     »i..u 

• uTl'J. /15>U»O* 

.•» *   rf.Ot «Ul #Jt 

»-nl«   12t>.u 

r-w»   l.»*UHt*1J> 

MU»    12t>,y 

r«,Y*-J«,»7!>*L»j3 

••hi   i «bi»7*t•r.* 

KI||S    12tl.li 

,wrr-*.S*HAt*03 

rt-x   l.»7sdt»0& 

»•His   12b.u 

ivbY«-o.UüU7t*ÜJ 

Hb« i*'u2H*v& 

HHl«   Ub.ii 

~NGYS-7,!»9**fc.*u3 

Hb«   1.729*t*^a 

UM-«   3ft,0 

VA«  «,l37«t»0« 

LI4.P* *u.u 

> toi«  <.uQo2l>0* 

«AS    l.Vtjl»t*C& 

uir> i *b.o 

< <»*•«   I,«M»2l>«* 

«A«  t.tfu<*trt*b% 

llt.tx  (>o.O 

M,/i   1.9«»23i*U* 

«A*   l.lSYll*U* 

tjtvfs   «u,u 

wA*»|«*«»*&•#3 

tin** o,c 

I.ü/s  « .1203t*G* 

«A«   *.«3«lt*0*' 

Olt.fS   41',U 

•««s   u.l*o*t*0* 

«»\ =   • „ Jooat + vt- 

l'l^s   ift.O 

K-^t   2«l772t*C* 

«AS   2,^t.b3t*0? 

• irFs «o*o 

•«Mi« i.*l26t*u* 

«AS  i,H6?t»C5 

uihfs *s.o 

M»2» 2,2S*2E*0» 

«AS  *.olb*£*0ft 

VB«   3.0««6t»0S 

«H«   3.2?*0l*0S 

«Hs   3.377*1*05 

«Bs   3.9*5*L*u5 

«•-**  *.9ft*3L»ub 

Vts   2,7*e6t*uS 
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The gear reactions for both the 5 gear E-4 aircraft (Table 7) and 

the 3-gear approximation (Table 8) are given.  In Table 7 the nomenclature 

is similar to that for the B-52 (Table 5) with the addition of the nomenclature 

for the nose gear as in the case of the E-3. In Table 8 the nomenclature is 

similar to that for the E-3 (Table 6).  It is recommended that Table 7 be 

used for tie down loads if each gear is to be tied down individually. This 

should give conservative results.  If the two main gear on one side of the 

aircraft are to be lashed together then Table 8 is recommended for tie down 

loads. 

The maximum axial force reactions on all the aircraft occurred at a 

wind speed of 80 knots. The reactions and the wind direction and position 

on the facility at which they occurred are given in the following table. 

TABLE 9 

MAXIMUM AXIAL FORCE REACTIONS 

Aircraft Force (lb), Wind 

-1.1375 x 104 

Angle (<£) 

275° 

Nose Position XN (ft) 

E-3 455 

+3.475 x 103 125° 455 

B-52 -9.0519 x 103 

+7.0046 x 10^ 

275° 

215° 

325 

lb 

E-4 -2.3469 x 104 

+2.0641 x 104 

35° 

125* 

^5 

175 

The negative sign means that the aerodynamic forces will tend to 

push the tug. These axial reactions are well within the nominal draw bar 

pull limits of the tugs recommended for use with each aircraft. 

150 



•••«•H»»'I»»I'II j.,ym*hm»*»!*»wm»v*'*>»*-<'mt>> .,.J,..\i.,*inmmm^m*i^mfmmm*'*mmBmm>mmm imM-iiwiumn.,,,-n 

7. SUMMARY AND CONCLUSIONS 

A combined experimental and analytical study was performed to determine 

the effects of atmospheric winds on aircraft being towed onto and tested on the 

TRESTLE facility which is being built at Kirtland Air Force Base, New Mexico. 

The ultimate results of the study were criteria for maximum wind speeds for safe 

handling of aircraft on the facility and tie down loads for aircraft being tested 

on the facility. The experimental phase of the program consisted of model tests 

to determine wind flow patterns and mean velocity components in the flow around 

the TRESTLE facility. The analytical phase of the program developed a method, 

using the wind velocity measurements,'to estimate the forces and moments acting 

on aircraft positioned on the facility and to estimate the reaction at the 

landing gears. 

Model tests were conducted in the Calspan Atmospheric Simulation 

Facility on a 1:480 (1 in. « 40 ft) scale model of the TRESTLE facility and 

its surrounding terrain. The tests consisted of smoke flow visualization 

studies and hot-film anemometer measurements of the three components of mean 

velocity in the flow about the model. The velocity surveys were performed 

for twelve different approaching wind directions (every thirty degrees for 

angles between 5° and 335°). The velocity measurements in the flow about the 

TRESTLE were related to the velocity measured at the 10 meter level of a 

meteorological tower that is located near the facility. The velocity measured 

at the meteorological station ivas used as the reference velocity for all wind 

directions. In general it was found that the highest velocities in the flow 

field occurred on the ramp leading to the test stand. These velocities could 

be as much as thirty percent higher than the reference velocity. The velocity 

measurements in the ASF correspond most closely to the hourly mean meteorologi- 

cal forecasts. However, conservative estimates of the wind effects will be 

obtained if the peak gust velocity instead of the hourly mean velocity is in- 

terpreted as the reference velocity in the force analysis. 
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The analytical phase of the program consisted of developing an aero- 

dynamic strip theory that used the velocity measurements in the flow about the 

TRESTLE model to estimate the forces and moments acting on aircraft positioned 

at various places on the full-scale facility. The aerodynamic forces and 

moments were then used as inputs to a statics problem in order to determine 

the reaction between the aircraft landing gear and ramp. The analysis was 

embodied in a computer program. Three specific aircraft were considered in the 

study, i ^ely the E-3, E-4, and B-52. However, the analysis and computer pro- 

program are not limited to these three aircraft, but should be applicable to 

aircraft of the same generic class. 

The statics problems for the three aircraft considered were all in- 

determinate with different degrees of redundancies depending on the number 

of landing gears on each aircraft. These redundancies were overcome by ideal- 

izing the aircraft structure as being composed of beams with uniform structural 

properties and applying the principle of consistent deflections.  In this fash- 

ion the statics problems could be solved without detailed knowledge of the 

structural characteristics of each aircraft. The analysis worked well for the 

E-3 aircraft (.3 landing gears) and the B-52 aircraft (4 landing gears) but gave 

unreaUsticly low values for the safe handling speed of the E-4 (5 landing gears) 

The E-4 was subsequently analyzed by replacing the actual 5 gear undercarriage 

with an equivalent 3 gear undercarriage and this analysis appears to give 

reasonable results. 

The maximum wind velocity for safe handling was set by the occurrence 

of lifting or sliding of any one of the aircraft landing gears. Using this 

criterion and considering all wind directions and aircraft positions, the 

maximum wind speed for safe handling of all three of the aircraft considered 

was 30 knots r.casured at a height of 10 meters on the meteorological tower. 

The B-52 was most sensitive to wind directions which were 30 degrees off the 

fuselage centerline and the E-3 and E-4 were most sensitive to crosswinds 

perpendicular to the fuselage centerline. At wind speeds up to 80 knots, the 

calculated draw bar loads were well within the draw bar pull limits of the 

tugs recommended for use with each aircraft. 
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APPENDIX A 

HOT-FILM ANEMOMETER DATA .ANALYSIS 

The three components of flow velocity in the model test program were 

measured with a three-sensor hot film probe (TSI Model No. 1294CC-20-18) in 

conjunction with three channels of Calspan fabricated constant temperature 

hot-wire anemometer bridges. Each of the three channels was calibrated in a 

flow velocity calibration apparatus (TSI Calibrator Model No. 1125) to deter- 

mine the output voltage as a function of flow velocity perpendicular to the 

sensor elements. The results indicated that all three sensors were extremely 

well matched and that a single calibration equation could be used to calculate 

the velocity component perpendicular to each sensor. The final calibration 

equation is: 

£_ 
ft 

£*- I.«1 ft     - 7.44 \' 
\     C>.310<? ) (A-n 

where   E =» anemometer output voltage (volts) 

U » velocity perpendicular to hot-film sensor (FT/SEC) 

p = air density (slugs/ft ) 

po • air density under standard conditions (2.38 x 10" slugs/ft^) 

The density terms are included in the calibration because the hot-film sensors 

respond to density times velocity rather than to velocity alone. The calibra- 

tion equation was obtained at air temperatures ranging between 67 and 72 

degrees Fahrenheit. There would be small corrections involved in the constants 

in Equation (A-l) if the air temperature exceeds this temperature range. 

However, in the test program the air temperature in the wind tunnel was main- 

tained within this range by proper setting of the heater thermostats in the 

large room which houses the tunnel. 

The percentage accuracy of the hot-film calibrations is shown in 

Figure A-l where it is plotted as a function of the flow velocity term, 

^MEASURED PerPendicular to each sensor. As can be seen, the calibration 
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is within approximately plus or minus two percent except at the lowest test 

velocity where it approaches four percent. The apparent increase in percentage 

error at the lowest flow velocities may not be real since it is very difficult 

to obtain an accurate independent measurement of the flow velocity at low 

speeds. The independent measurement was obtained from an inclined micro- 

manometer in these calibrations and the measured pressure difference from 

which -V- ^viFASURFD is calculated became very small (less than 0.05 inches 

of water at the lowest calibration velocity).  In any event the four percent 

error (if real) is very small in terms of absolute velocity and since it oc- 

curs at low velocities is not significant in terms of calculating the forces 

on aircraft. 

The calibration equation provides a relation from which the effective 

cooling velocity component normal to each sensor can be calculated. One 

then uses these cooling velocities to calculate the velocity components in 

a wind axis or wind tunnel coordinate system. The equations required for 

calculating velocity components in the tunnel coordinate system can be de- 

veloped as follows. 

The hot-film probe was mounted on the traversing system in the tunntl 

so that the three mutually perpendicular hot-film sensors each formed an 

equal angle, &  , with the wind tunnel axis.  If one designates the wind tunnel 

coordinates as x', >*', :' and a coordinate system parallel to the three sen- 

sors as x, y» z  then the resulting geometry is illustrated in the sketch oil 

the following page. 

The channel number designations shown in the sketch correspond to 

the channel numbers marked on the probe purchased from TSI (See Figure 3 in 

main text).  If one uses the calibration Equation A-1 to calculate the effective 

cooling velocity components to each sensor channel and calls these velocities 

U., U., and U. to correspond to the channel numbers, then a simple algebraic 

relationship exists between the cooling velocities U., U,, U_ and the actual 

velocity components V , V , V parallel to each sensor.  For the TSI probe, 
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SKETCH    OF    HOT - FILM     SE/ÜSOR    GEOMETRY 

(HGUHBL   1 

Vie*     LOOHIMG 
f*LO**Q    X' 

SeMSO*      COOfiQlUfiTE       SY3T6M     /$        X ,  U   ,   2 

WiAJD    TUAJ/OEL       COORDtAJflre      SVSTfiM      /S       %',   U' , Z' 
'     ..'     ••' 

these relationships are, 

U. 

v; « *; * *v 

v; • ^ + 4\* 
I A-"»-» 

v: • v* • 4V* 

The information bulletinv' '  for data reduction on the TSI probe 

suggests a relation which can be reduced to the form of Equations (A-2), The 

A-l "Data Reduction Method for Model 1291 
TSI Technical Bulletin TB8 

15o 

3-P Probes Orthogonal Sensors", 



terms which contain the constant k compensate for sensitivity of the sensor 

to flow components parallel to it. The value of the constant was found to 

be k « 0.2 from calibration tests with the flow parallel to the sensors. 

Equations (A-2) relate the effective cooling velocities (UJ, U.,, VJ 

which are found from the calibration Equation (A-1) to the actual velocity 

components (V , V , V ) parallel to each sensor.  If the probe is immersed in 
X   V   •* 

a flow with velocity V whose components are V , Vy, V then 

v* . vz
x • v*  • ^ 

and using Equations (A-2) 

<* «*• w» 

Further algebraic manipulation gives 

v'cz + r 

v. 

y -u, 
O- **> 

V2- 
2 

0- **> 

V* -43 

(; - 4*) 

tA-31 

Equations (A-5) are explicit relationships which allow calculation of the 

velocity components V , V , V given the effective cooling velocities U., U,, U- 
x  y z 

calculated from the calibration Equation (A-1). 

One final set of equations is required to transform the velocity 

components V , V, VT in the sensor coordinate system to components V^V, Vy
r, 

V ' in the wind tunnel coordinate system. Referring to the sketch of the 
z 

sensor geometrv and noting the following trigonometric values, 
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ff 
then one can show 

Vx-   -    V, c^ *   t^^^ö    «    JL{Vx4V4vj 

Vj    *      Vu-4**» 0-***» W   -   V.A^^A^Cö'   *       -L (/   -  / ) (\-4 

^*VfV7"i) 

Equations (A-l), (A-3) with k * 0.2 , and (A-4) were programmed 

into the minicomputer (HP 9825A) to provide on-line solutions for the instan- 

taneous velocity components V ', V ' V '. Four hundred samples of each of 
x   y   z 

these components were then averaged to provide the mean velocity components 

V *, V ', and V 1. In addition, rms values of the fluctuating velocity compo- 

nents v ' v ', v^, were also obtained by using the relations 

_*V* 
&?•[%-•<(,]>&? 

^ 

v. - V, &-t] 
where the bar denotes averages taken over the 400 samples. 

Obtaining the rms values involved no additional time during the test 

program. However they were not required for the purposes of this program 

and are not reported herein. The mean and rms velocity data are stored mag- 

netically on tape cassettes and can be recalled for further data reduction 

on the minicomputer if desired. 
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APPENDIX B 

MEAN WIND COMPONENTS ABOVE TRESTLE TEST STAND AND RAMP 

This appendix presents the mean velocity components (U, V, W) measured 

with the hot-film sensor above the TRESTLE model test stand and ramp. The 

data are presented in twelve figures (B-l through B-12), with each figure 

presenting the results for a single wind direction. There are five parts 

(a through e) to each figure. Each part is for a different height, Z, above 

the test stand and ramp. The wind direction and height are listed numerically 

at the bottom of each figure.  In addition, the wind direction is shown by 

an arrow at the bottom of each page. The mean velocities at each station are 

listed in a vertical column with three numbers. The numbers are in order from 

the top, the mean horizontal component, U, in the wind direction (positive 

in the direction of the arrow), the mean horizontal component, V, perpendicular 

to the wind direction (positive to the left when looking in the direction of 

the arrow), and the mean vertical component, W, (positive upwards). Each 

component has been normalized by the mean wind velocity, U^-, at the mete- 

orological station at a height 10 meters above local ground level. 
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APPENDIX C 

CROSSFLOW VELOCITY VECTORS ABOVE TRESTLE PLATFORM 

This appendix presents computer plots of crossflow velocity vectors 

above the TRESTLE platform. The data are presented in twelve figures (C-l 

through C-l2) with each figure presenting the results for a different wind 

direction. Each vector, U   in these figures is composed of the lateral 

wind velocity, U , and the vertical wind velocity, U,. The axial wind compo- 

nent, U , along the TRESTLE axis is not shown in these figures. The cross- 

flow vectors have been normalised by the mean wind velocity, U^-, at the 

meteorological station at a height 10 meters above the ground. A velocity 

scale showing U  /Uocc • 1 is provided on each figure. Note that the ve- 
y,3  Kfcr 

locity components (U , Ü , U ) are parallel to the TRESTLE axis coordinate 
x  y z 

system shown in Figure 24 in the main text. This coordinate system differs 

from the wind axis system used in Appendix B except for the special case of 

a 335 degree wind direction. 

Each of Figures C-l through C-12 contains 10 different vector plots 

showing the velocity vectors in vertical planes at ten axial locations, (X). 

The appropriate vertical cross-section of the test stand, ramp, or local 

ground contour is shown schematically below each plot» The wind direction 

is listed numerically on each figure and is also shown schematically beside 

each of the ten vertical planes.  The full-scale coordinates for X, Y, and Z 

at each test point can be determined from the information listed in each 

figure. Data were not measured at those grid points which show only a dot 

without an arrowhead. A plan view of the test grid and its relation to the 

TRESTLE platform is shown in Figure 24 in the main text. 

220 



Mj*l*^*B"|W»»HP|9Hi»WWPWlBi^BHPPBBBMl. Jl«l«l».-ll W*» A>.*mUl.11 imßjup) « I • J««Uli< • !«  '»' "MI"W«W ••' • I».'. I'."»"! UU! «i!BienppjtiipiwKutiiLuu>wu.!np.ii.(igpi.«w|wu> tu 

AFVl-TR-78-184 

Figures C-1 through C-12 are foidouts and are located at the back of 

this document. 
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APPENDIX D 

DESCRIPTION OF COMPUTER PROGRAM TO ANALYZE WIND 
EFFECTS ON AIRCRAFT 

This appendix gives a brief description of the computer program that 

was developed to analyze the effect of the wind on aircraft on the TRESTLE 

facility. This appendix gives a list of the aircraft geometric parameters 

required as inputs to the program, a list of the major aerodynamic force and 

moment quantities calculated in the program and a brief description of the 

subroutines used in the program. A detailed listing of the computer program 

has been delivered to AFSWL under separate cover. 

The required input geometrical data is given in the following list. 

REQUIRED AIRCRAFT GEOMETRICAL DATA 

Wing: 

A. sweep of quarter-chord line 

CR root chord 

CT tip chord 

Sl   - body radius at wing root 

S2   - wing half span 

ZWR height of root chord above ground 

LQCW length from nose tip to root 1/4 chord 

*w   • wing dihedral 

<*w   - wing incidence 

Horizontal Tail: 

.AHT sweep of quarter-chord line 

CTR root chord 
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err tip chord 

S3 radius to root chord 

S4 half span of tail 

2HT height of root chord fro» ground 

LQCT length from nose to 1/4 chord at root 

*HT tail dihedral 

0HG   ' tail incidence 

Vertical Tail: 

JV-VT sweep of quarter-chord line 

CVR root chord 

CVT tip chord 

ss  - height of root chord 

S6   * height of tip chord 

LQCV length fro« nose to root 1/4 chord 

HVT height ftf rent  ^KA»4 #— —-  ' * 

Fuselage: 

LF 

LN 

LCC 

LAB 

a 

b 

2F 

XN 

total length 

length of nose 

length of cylindrical section 

length of afterbody 

width of cylindrical section 

depth of cylindrical section 

height of fuselage £ above ground 

position of a/c nose in TRESTLE axis system 
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Case 2: - applies to E-3 

all of above plus 

Circular Radone: 

D 

LRD 

ZRD 

CS 

LCS 

diameter of planform 

distance from nose to radorae 1/2 chord 

distance (height) from top of fuselage to vadome 

strut chord 

length from nose to 1/4 chord of strut 

Landing Gear Configurations 

NG • 3   XNG   - distance of nose gear from nose 

X1G   - distance of main gear from nose 

Y1G   - distance of main gear from fuselage & 

L1G   - length of main gear 

NG * 4 

NG 

X1G 

X2G 

Y1G 

Y2G 

L1G 

L2G 

XNG 

X1G 

X2G 

Y1G 

Y2G 

L1G 

L2G 

distance of 1st main gear from nose 

distance of 2nd main gear from nose 

distance of 1st main gear from fuselage 4 

distance of 2nd main gear from fuselage £ 

length of 1st main gear 

length of 2nd main gear 

distance of nose gear from nose 

distance of 1st main gear from nose 

distance oü 2nd main gear from nose 

distance of 1st main gear from fuselage i 

distance of 2nd main gear from fuselage i 

length of 1st main gear 

length of 2nd main gear 
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The following is a list of the nomenclature and quantities calculated by the 

Aerodynamic force and moment part of the computer program. The symbols or 

names of each quantity are those used in the FORTRAN listing of the program. 

RWAF - axial force on right wing 

LWAF - axial force on left wing 

FAF - fuselage axial force 

AFTR - axial force on right horizontal tail 

AFTL - axial force on left horizontal tail 

AFVT - axial force on vertical tail 

PAF - axial force on radorae pod (E-3) 

BFS - axial force on radorae pod strut (E-3) 

RWSF - side force on right wing 

LWSF - side force on left wing 

WSF - sum of RWSF and UfSF 

FSF - side force on fuselage 

SF - side force on fuselage nose 

CCSF - side force on fuselage cylindrical section 

ASF - side force on fuselage afterbody 

SFTR - side force on right horizontal tail 

SFTL - side force on left horizontal tail 

SFVT - side force on vertical tail 

SFP - side force on radome pod (E-3) 

SFS - side force on radome pod strut (E-3) 

RWNF - normal force on right wing 

LWNF - normal force on left wing 

MFW - surn ,>f RKNF and LWNF 

FNF - normal force on fuselage 

NL - normal force on fuselage nose 

CCNF - normal force on fuselage cylindrical section 

ANF - normal force on fuselage afterbody 

NFTR - normal force on right horizontal tail 

NFTL - normal force on left horizontal tail 

PNF - normal force on radome pod 

RWRM - rolling moment on right wing 
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LKRM - rolling moment on left wing 

R>ffTR - rolling moment on right horizontal tail 

RMITL - rolling moment on left horizontal tail 

RMVT - rolling moment on vertical tail 

PRM - rolling moment on radome pod (E-3) 

RMS - rolling moment en radome pod strut (E-3) 

RWPM - pitching moment on right wing 

tWPM - pitching moment on left wing 

HTM - sum of  LWPM and RhPM 
PNUTR - pitching moment on right horizontal tail 

PMHTl - pitching moment on left horizontal tail 

FPM - pitching moment on fuselage 

PPM - pitching moment on radome pod (E-3) 

RWYM - yawing moment on right wing 

LWYM - yawing moment on left wing 

KVM - sum of RMM and IKYM 

FYM - yawing moment on fuselage 

Y>WTR - yawing moment on right horizontal tail 

YMHTL - yawing moment on left horizontal tail 

YMVT - yawing moment on vertical tail 

PYM - yawing moment on radome pod (E-3) 

VMS - yawing moment on radome pod strut (E-3) 

FXA - total axial force on aircraft 

FYA - total side force on aircraft 

FZA - total normal force on aircraft 

MXA - total rolling moment on aircraft 

MYA - total pitching moment on aircraft 

MZA - total yawing moment on aircraft 

The following is a list of the subroutines and a short description 

of their function, in the computer program that was used to calculate the 

reactions on the landing gear of each aircraft. 
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TRESTLE 

INPUTS 

GEOM 

AEROFM 

GREAC 

PRINTS 

WINGl 

WING2 

WING3 

WINGRL 

F:N0SE 

FUCYLN 

FUAFT3 

HTPANS 

VTFOMO 

RDOMEP 

Main program 

Reads all input data except Um, <P 

and XN 

Computes all geometric parameters 

needed in the analysis 

Directs the computation of the aero- 

dynamic forces and moments on the 

whole aircraft 

Directs the computation of the gear 

reactions for all aircraft 

Outputs all data 

Computes forces and moments on inboard 

panel for both wings 

Computes forces and moments on the 

middle wing panel for both wings 

Computes forces and moments on the tip 

wing panel for both wings 

Sums the forces and moments on all 

wing panels and computes the induced 

drag 

Computes forces and moments on fuselage 

nose 

Computes forces and moments on cylindrical 

section of fuselage 

Computes forces and moments on fuselage 

afterbody and sums all forces and 

moments on fuselage 

Computes forces and moments on horizon- 

tal tail 

Computes forces and moments oa vertical 

tail 

Computes forces and moments on radome 

pod (E-3) 
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ROOMES 

CLDVSA 

WIND 

GEARS 3 

GEARS 4 

GEARS S 

FACKS 

FACSK 

FACSS 

Computes forces and moments on 

radome strut (E-3) 

Interpolates in tables of C. and 

Cn vs.a for NACA 0012 airfoil data 

Stores all velocity data from wind 

tunnel tests and interpolates as re- 

quired for other subroutines 

Computes gear reactions for aircraft 

having 3 gears 

Computes gear reaction for aircraft 

having 4 gears 

Computes gear reactions for aircraft 

having 5 gears 

Computes special functions needed in 
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